





AN ARCriG AURORA 





EDITED BY 


ROBERT BROWN, 


M.A., PH.D., F.LS. F.R.G.S. 


AUTHOR OF “COUNTRIES OF THE WORLD,” “PEOPLES OF THE WORLD," ETC, 


ILLUSTRATED. 



CASSELL & COMPANY. Limited 

LOUDON, PARIS ^ MELBOURNE. 


{iMLl MOHTS RMEXVgD.] 




CONTENTS. 


The Nobthebn Lights* By George William von Tunzelmann, B.Sc. 

The Mathematics op Plants. By George Dickie, M.A., M.D., F.L.S. 

How THE Wind Changes. By Robert James Mann, M.D., F.R.C.S., F.ll,A.S 
Dreams. By Robert Wilson, F.R.P.S. ..... 

Why the Sea is Salt By W. A. Lloyd ..... 

The Anatomy of a Lobster. By Andrew Wilson, Ph.D., F.R.S.E. . 

Rust. By Professor Frederick S. Barff, M.A. . 

A Glass op Wine. By Processor F. R. Eaton Lowe . 

Voyages in Cloudland. By T. C. Hepworth .... 

The Chemistry op Water. By J. Falconer King, F.C.8. 

Nuggets and Quartz. By Professor G. A. Lebouk, F.G.S. 

The Sun our Fire, Light, and Life. By R. A. Proctor, BA.., F.R.A.S. 

A Fish in the Water. By W. A. Lloyd ..... 

A Microscopical Biography. By W. Henry Kesteven, M.R.C.S. 

Firing a Shot. By H. Baden Pritchard, F.C.S., late op the Royal Arsenal, Woolwich 
What is “ Power ” P By William Dundas Scott-Moncriepf, Civil Engineer 
History out op Refuse Heaps. By the Editor ..... 

What is in the Interior of the Earth? By William Durham, F.R.S.E. . 

How Sunshine Warms the Earth. By Robert Jambs Mann, M.D., F.R.C.S., F.R.A.S. 
What are the Stars made ofP By William Acxkoyd, F.I.C. 

The Protective Colours op Animals. By Alfred Russel Wallace, LL.D., F.L.S . 

Great Sea Reptiles. By Professor H. Alleyns Nicholson, E.L.8. 

Shooting Stars. By W. F. Denning, F.R.A,S 

Continental Islands, and how they were formed. By Professor P, Martin Duncan 
Teeth. By Andrew Wilson, Ph.D., r.R.S.E. ...... 

How THE River Severn cut through Wenlock Edge. By Charles Callaway, MA.. 
Moles and Molb-hills. By Edward R. Alston,. F,L.S., F.G.S. 

The Mariner’s Compass. By William Durham, F.R.S,E. .... 

Spiders’ Webs. By Arthur G. Butler, F.L.S., F.Z.S., British Museum , 

Glaciers. By Professor W. F. Barrett, F.R.S.E., M.R.I.A. . . . 

Diamonds. By Professor F. W. Rudlbr, F.G.S 

The History of a Hen’s Egg. By Thomas Dvkman • • • . . 



PAGE 

1 


7 


13 


20 


25 


84 


41 


47 


53 

. 

62 


71 


74 


83 


90 


91 


97 


102 


no 


117 


124 


128 


137 


144 

, M.B., F.II.S. 

150 


156 

D.Sc., RG.8. 

162 


166 


171 


176 


181 

• . 

187 

• • 

196 



IV 


SCIENCE FOR ALL 


PAflB 


Growth. By Andrew Wilson, Ph.D., F.H.8.E. . . . . ^ . 201 

Tub Maoio Lantern. By John Thomson, F.H.G.S. «•••.*• 208 

A Prdcbosb. By the Editor .......... 215 

A Cannon Shot. By C. Cooper Kino, Major Royal Military College, Sandhurst . . 222 

Why the Rain Falls. By Robert Jambs Mann, M.D., F.R.C.S., F.R.A.S. ..... 229 

The Story or a Volcano as told in History. By Professor T. G. Bonney, M.A., F.B.S., Pres, G.S. . 287 

Can Science Conquer Rust.*^ By Professor F. S. Barff, M.A. ...... 241 

How the Airs were Discovered. By William Ackroyd, F.I.C. ...... 249 

What is “Work By William Dundas Scott-Moncrieff, Civil Engineer . , , . . 256 

The Hand. By F. Jeffrey Bell, M.A., F.Z.S., British Museum ...... 261 

How Glaciers Move. By Professor W. F. Barrett, F.R.S.E., M.R.I.A. .... 267 

Dust. By Professor W. C. Williamson, F.R.S. ......... 273 

A Piece of Rock Salt. By David Bremner, Author of “The Industries of Scotland’^ . . .279 

Protective Mimicry in Animals. By Alfred Russel Wallace, F.L.S. ..... 284 

The Physics of Music. By Professor F. R. Eaton Lowe ....... 296 

Touch. By F. Jeffrey Bell, M.A., F.Z.S., British Museum ....... 304 

Animal Colonies and Co-operation. By Andrew Wilson, Ph.D., F.R.S.E. ..... 310 

Colour-Blindness. By Grant Allen, B.A. ......... 316 

Oceanic Islands and their History. By Professor P. Martin Duncan, M.B., F.R.S, . , .320 

Modern Explosives. By H. Baden Pritchard, F.C.S., Royal Arsenal, Woolwich ♦ . . .328 

The Gravel on the Garden Path. By B. B. Woodward, F.G.8., British Museum .... 336 

A Peat-Boo. By Professor T. Rupert Jones, F.R.S., F.G.S. ....... 341 

A Piece of Iceland Spar. By George W. von Tunzelmann, B.Su. 348 

Polar Ice. By Edward L, Moss, M.D., R.N. 356 

Ruhies a.\d Sapphires. By F. W. Rudlek, F.G.S., Museum of Practical Geology .... 362 

Weather Telegraphy. By William Liscomre Dallas ....... 367 

Lodgers and Boarders in Lower Life. By Andrew Wilson, Ph.D., F.R.S.E. .... 374 




LIST OF ILLUSTRA.TIONS. 


An Auctic Auiioka . 

PAGE 


Aurora Borealis observed at Orleans, Feb. 4, 1872 . 1 

Aurora Borealis observed at Orloans, Feb. 4, 1874 . ib. 

Showing: the Wreath of Light completely surround- 
ing the positive Pole 4 

Showing tho Wreath changed into an arc of light, 

with bright rays darting from it . . , , ib. 

Showing the Wreath changed into a sinuous line, 

with bright rays shooting from it . . . ib, 

Aurora Borealis observed in Alaska, Dec. 27, 1865 . 5 

Aurora Borealis observed at Brevillepont, Sept. 26, 

1731 ib. 

Alternate arrangement of Leaves . . . . 7 

Opposite arrangement of Leaves . . . . ib. 

Decussate arrangement of Leaves .... 8 

Vorticillatc arrangement of Leaves . . . . ib. 

Spiral projection of two-fifth arrangement . . ib. 

Horizontal arrangement of ditto .... 9 

Antingomont in the Houseleek ib. 

The side of Cone of Weymouth Pine, with scjiles 

numbered, and a projection of tho arrangement . ib. 

Diagram, illustrating ^Ir. Henslow’s theory . . 10 

Ivy-leaf, illustmting Mr. Mitchell’s theory , . 11 

Eight portions of Oogonium 12 

Persistent Pollen ... ib. 

Teeth of Totraphis ... ib. 

Teeth of Orthotrichum , . ib. 

Map of tho Eastern Hemisphere 14 

Map of the Western Hemisphere 16 

Showing movement of Wind towards a Spot where 

the Atmospheric Pressure is very low . . 17 

Showing movement of Wind when the Area of Pres- 
sure changes ib. 

Illustrating tho Velocity of Wind . . . .18 

Illustrating tho ** Barometric Gradient ” . . .19 

Bottle for conducting Experiments as to the Evapora- 
tion of Water 26 

Bottle for testing the Bulk and Weight of Water . 27 

Showing relative Densities and Weights of Various 

Substances 28 

Hydrometer 32 

S^cific Gravity Bubble in Tube .... 33 

Young Lobsters at the period of their third moult . 35 

The Common Lobster [Homarus vulgaris) ... 36 

Tail-Segments of Tiobster ib. 

Parts of Lobster’s Shell, separated, and viewed from 

above 37 

Appendages of one side of Lobster’s Head and Chest, 

from before backwards 38 

Longitudinal Section of Lobster .... 39 

Nervous System of Lobster ... .40 

The Sea Cray-Fish or Spring Lobster {Falinurus 

vulgaris) ib. 

Experiment to show relation between Rust and 

Moisture 42 

Tulip-shaped funnel for pouring Oil of Vitriol into a 

bottle without wetting the mouth or sides . . ib. 

Tube melted and hermetic^y sealed at one end . 43 

Distilling apparatus 48 

Vine : Flower and Leaf ...... 61 


Frontispiece. 


PAGE 

An Eastern Vineyard 62 

The Drop-Bottle 63 

Do Groof’s Flying- Machine 64 

Leturr’s Flying- Machine 65 

Above tho Clouds 60 

A Lunar Halo .61 

Apparatus for proving the composition of Water by 

Synthesis .64 

Another apparatus for showing the composition of 

Water by Synthesis . . . . . . ib. 

Apparatus for decomposing Water by Electricity . 85 

Apparatus for decomposing Water by Red-hot Iron . ib. 

Water made to boil by the application of cold . . 66 

A Gold Quartz “ Reef ” 71 

Quartz “ Reef ” at F^^er’s Creek, Victoria . . 72 

Section of Gold-bearing Dnfts at Dunolly, Victoria . ib. 
Diagrammatic illustration of a Digger’s “ Claim ” . 73 

JMaine Boy’s Tunnel, illustrating the old lavu-covcrcd 

Gold-Drifts of California ib. 

The Solar Spectrum, showing the Fraunhofer Lines . 76 

Showing the Red Flames seen round the Sun when 
he 18 totally eclipsed, and tho Shallow Red Layer 

called the Sierra 78 

A Prominence seen by Zollner on August 29, 1869, at 

10.20 80 

The siime Prominence as seen an hour later . . ib. 

A l^ominonce Cloud seen by Professor Y'oung, on 

Sept. 7, 1871, at 12.30 ib. 

The ^mo Region at 12.55 ib. 

The Sciinc Region at 1.40 ib 

The same Region at 1.55 ib. 

Tho Eclipse of 1842 81 

The Eclipse of 1860 (Feilitzsch) . . . . ib, 

Tho Eclipse of 1858 (Liais) ib. 

Ideal Vertical Section of an Aquarium ... 86 

Forbes’s Vulcanite Pump for the circulation of 

Water 87 

Stoneware Water Reservo’i ib. 

The first known Flat-sided Aquarium ... 88 

Euglona viridis 90 

Various kinds of Powder 92 

Shot of the 80-ton Gun 93 

Course of the Shot through tho Screens . . ’ . 94 

Initial Velocity Appanitus 95 

Section of a Locomotive Steam-engine . . .100 

Danish Flint Instruments of the Early Stone Age . 103 

Danish Flint and Horn Implements of a later date 

and more finished manufacture than foregoing . 104 

Kitchen-middeners and their dwellings . . .105 

Showing the probable way in which the Early Flint 

Weapons were used 107 

Showing the probable way in which the Early Flint 

Weapons were used 108 

Explaining the Form of the Earth as indicating a 

Fluid Origin ”112 

Diagrammatic representation of Earth’s Crust and 

Interior ib. 

Relative Volumes of the Solid Crust and supposed 

Fluid-mass of the Earth 113 



VI 


SCIENCE FOR ALL. 


Showing supposed effect of Moon upon conjectured 
Inner Ocean Fluid , , . . 

Showing results of Ckxnpression upon a Column of 

Fluid 

Comparative Volume of the Earth in the Solid and 

Gaseous States 

The Earth circulating in space in the shape of a 

Gaseous Star 

Showing the incidence and relative heating power of 
the Sun’s Hays upon the Earth at Noon and at 
Early Morning or Late Evening .... 
Showing that the Sun*s Rays have a longer passage to 
make through the Atmosphere in the Morning or 

Evening thjin at Noon 

Showing that Obliquely-falling Rays are less concen- 
trated on the level ground than on the sloping 

surface of a hill 

Showing the Course of the Curves of equal tempera- 
ture upon the Earth .... 

Showing the Course of the Curves of moan tcmi)cra- 
ture for the month of January .... 
To illustrate the moaning of the w'ord Spectrum 

Spectroscope 

Solar Spectrum 

Flask for Iodine Vapour 

Spectrum of Iodine Vai)onr 

Oxides of Nitrogen 

The Buff-tip Moth 

The Lappet Moth 

Jacobo.n Caterpillar 

The Orange-tip Butterfly 

Leaf Butterfly of India 

Bones of the fore-foot of the Crocodile : the hind-foot 
of the Crocodile, showing the Extension of the 

Skin between the Toes 

Skeleton of Ichthyosaurus communis^ as restored by 

Conybeare and Cuvier 

The Shoulder-girdle and Fore-limbs of the Ichthyo- 
saur, viewed from in front 

Skull of the Ichthyosaur 

Skeleton of the Plesiosaurus dolichodeirus, as restored 

by Conybeare 

Piiddle of the Plesiosaur; Bonos of the Flipper of 
a Dolphin ; Bone of the upper Arm ; Bones of 

the Fore-arm 

Plesiosaurus and Ichthyosaurus {Rvstored) . 

Shooting Stars 

Rixdiant Point of Shooting Stars .... 
Meteor of Nov. 12, 1861 {Webb) ... 

Luminous Trail left by the Meteor of Oct. 19, 1877 ; 

first and second effects 

Fii-e-ball of Sept. 7, 1875 ; Meteor of Nov. 27, 1877 . 

Fire-ball of Oct. 7, 1867 

Map of the Malay Peninsula and Adjacent Islands . 

Lemurs of l^Iadagascar 

Teeth of Man, showing the Milk and Permanent Sets 

Teeth of Lower Jaw of Man 

Teeth of Tarsius 

Skull of Sheep, showing dentition .... 

Growth of Tooth of Crocodile 

Jaws of Male and Female Skate .... 

. Jaws of Shark ; Tooth of Upper and of Lower Jaws 
Longitudinal and Transverse Section of Molar Tooth 

of Man 

Dentine and Bone 

Blolar Tooth of African Elephant .... 

Blolar Tooth of Indian Elephant .... 

Skull of the Bab}T 0 U 88 a Hog .... 

Skull of the Narwhal ...... 

Contorted Limestone at Draughton, near Skipton 
Diagrammatic representation of Plane of Msuine 

Denudation 

New Surface produced by Action of l^ver 

Blole, Feeding 

Bonos of a Mole*s Shoulder and Fore-limb 


Conventional Plan and Elevation of a Mole’s ** Fort- 
ress,’* as given in books 

Section of a Mole’s “ Fortress** 

Bono of the Fore-paw of the Golden Mole 

The Mole-rat 

The Magnetic Needle and its Supports 

Compass in the Binnacle 

lUusbrating direction of the Dipping-needle 

Epeira diademata . " 

Calamistrum of Amaurobius 

Spinnarets of Epeira 

Spider’s Claw 

The Mer de Glace 

Showing the Union of several Glaciers into one 

great Stream 

Marginal Crevasses 

Imaginary Section of Glacier in foregoing Figure . 

The Regent Diamond 

A Regular Octahedron ; a typical form of Diamond . 
Rock Crj’stal ; occasionally mistaken for Diamond . 
Diagrammatic Plans of Flowei's, showing Six-sided 

and Four-sided Symmetry 

Cube with its Solid Angles cut off, and with an “ lu- 

scribed” Octahedron 

Typical Forms of Crj'stals of Diamonds . 

Splitting a Diamond 

Cutting a Diamond 

Successive Stages in Cutting a Brilliant froui an 

Octahedron 

*rhe Koh-i-noor 

A Rose-cut Diamond 

Polishing a Diamond 

Burning a Diamond in Oxygen 

Face of an Octahedron of Diamond, showing Tri- 
angular Impressions developed by Heat 
Diagrammatic »^‘Ction of a Fowl’s Egg . 

Blastoderm as seen from above 

Ovum in Capsule of Ovary 

Surface Views of the Early Stages of the Segmenta- 
tion of a Fowl’s Egg 

The Head-fold 

Head and Tail Folds 

DibJippearance of Yolk-Sac 

Primitive and Medullary Grooves .... 

Transverse Section of Bodv of Cliick 

Transverse Section of EmWyo, showing Cleavage of 

the Mesoblast 

Longitudinal Section of Embryo, showing Cleavage of 

the Mesoblast 

The Protovertebras 

Development of the Heart of the Embryo 
Final Changes in the Heart of the Embryo 

Snow Crystals 

Snow Cn'stals 

Bean: Embryo with Seed-coat removed; Embiy’^o 

minus one Cotyledon 

Haricot Bean Germinating (fli*st Effort) . 

Haricot Bean Germinating {Embryo bursting through). 
Germination of the Haricot Bean .... 
Propagation of Infusorian by Spontaneous Division . 

Sea-Anemones 

Simple Form of Moj^'c Lantern 

Wick Arrangement in Sciopticon Lamp . 

Early Form of Oxy-hydrogon Jot ... . 

liater Form of Oxy-hydrogen Jot . 

Two-lens Condenser 

Condenser with Plano-convex Lems .... 
Illustrating Formation of Imago as to Position and 

Si25e . . . 

Twin Lanterns for Dissolving Views .... 

Bi-unial Lantern 

The Keovil Lantern 

Thomson’s Lantern 

Iron Cylindw for storing Gas 

Qas-ba^ and Pressure-boarrU . • • 


PAUa 

167 

168 
169 

ih. 

171 

172 
178 
177 

179 

180 

184 

185 

186 
ib, 

188 

189 
ib. 

190 

ib, 

191 
ib, 
ib, 

192 
ib, 
ib, 

193 

194 

ib. 

196 
ib, 
ib, 

197 

198 
ib, 
ib, 
ib, 
ib. 

199 

ib, 

ib. 

200 
ib. 

202 

203 

204 
ib, 
t5. 

205 

206 
207 

209 
ib, 

210 
ib, 
Uf, 

211 

ib, 

ib, 

212 

ib. 

218 

214 

ib 



LIST OF ILLUSTRATIONS. 


vii 


TAAJt I 

]«nk)wer of a Primrose, divided longitudiniillv, showing I 
Peduncle, Calyx, Corolla, Stamens, and Pistil 216 

Calyx of Primrose I 

Longitudinal Section of the Flower of a Fuchsia ib. 

Stamens of Wallflower 217 

Vertical Section of the Flower of Bluebell . . ib. 

Anther cut across ib. 

Figures of different Kinds of Pollen-grains . . 218 

Pollen Masses of the Common Spotted Orchis or 

Adder's Grass ib. 

Pistil of the Pom)y, rfiowing Stamens inserted on the 
top of the Peduncle, and Stigma on the top of 
the Ovary, without the intervention of a Style . 219 
Placenta of Prmirose with attached Ovules— the Walls 

of the Ovary detached ib. 

The Ovary of the Primrose cut across, showing Pla- 
centa, with Ovules and the surrounding Wall of 

the Ovary ib. 

Longitudinal Section of an Ovule .... ib. 

Diagram showing the Symmetry of a Primrose Flower 220 

White Water-lily ib. 

Pistil of Meadow Saffron, consisting of three Carpels, 

each a Bent Leaf with the Ovules on their edge . 221 
Illustrating Effect of Windage upon Flight of a Shot 223 

Whitworth Gun : Section of Boro — the Shot . . ib. 
Bashley-Britten’s Gun : Section of Boro-*— Section of 

Shot . . 224 

Armstrong muzzle-loading Shunt Gun: Section of 

Bore — the Shot . . . . . . . ib. 

Krupp’s Gun : Section of Bore — Section of Shot . ib. 
Illustrating Effect of Air-resistance on Elongated Shot 226 

Section of Common Shell 227 

Section of Shrapnell Shell ib. 

Section of Palliser Shell 228 

Showing the Principle upon which small Quantities of 

Hainfall are measured by Bain-Gauge . . 236 

Showing graduated Measure, used to Estimate small 

Quantities of Rainfall ih. 

Showing the Arrangement employed in Rain-Gauges 

to prevent the Loss of Water by Ev^oration . ib. 
Representing a convenient Form of Rain-(^ugc, to be 
used with a common Fluid Ounce graduated 

Measure 236 

Daniel's Hygrometer for measuring the Moisture of 
the Air through the Effect of the Evaporation of 

Ether ib. 

The Dry and Wet Bulb Hygrometer, for measuring 

the Moisture of the Air ib, 

Vesuvius from Naples 237 

Outline of Vesuvius, from Railway near Caserta, 
showing the Crest of Somma, and probable Form 
of the Mountain previous to A.n. 79 . . . 238 

Summit of Vesuvius from Sorrento in 1876 . . 239 

Summit of Vesuvius about 1660 .... 240 

Vesuvius from near Naples, in 1876 . . . .241 

Showing Action of Dilute Oil of Vitriol upon a Zinc 

and an Iron Plate 243 

Apparatus for preparing Hydrogen Gas . . . 244 

Apparatus for generating and drying Hydrogen*^ . 246 
Form of Super-heater and Oxidising Chamber which 
was first used ....... 247 

Apparatus for Oxidising Iron 248 

Experiment demonstrating how Ammonia Gas may be 

obtained 249 

Experiment illustrating the use of the Pneumatic 

Trough 261 

Illustrating one of Priestley’s Experiments with Hy- 

drogen 262 

lUustratmg Priestley's Discovery of Oxygen . . ib. 

Illustrating the Preparation of Sulphuretted Hydro- 
gon • • , . . . 253 

Apparatus used by Sohede and flgui^ in 
his TreatiM “ Chemical ObservaUons and Experi- 

T 11 0*^ Air and Fire” 254 

Illustrating the Horse-power Unit*” . . .257 


PAGB 


Section of Cylinder ^26 7 

Showing how the Indicator” tells the Amount of 

Work done in a Stroke ” at full Boiler Pressure 2 ;8 
Showing work done under Maximum and Mean 

Pressure 259 

The Indicator . 260 

The Dynamometer 261 

Bones of the Hand of Man : Palm and Bock . . 263 

Hand of Round-headed Dolphin .... 266 

Hand of Bat ib. 

Hand of Horse, Rhinoceros, and Tapir . . . 266 

Foot of Anchiiherium, Hipparion, and Horse . . ib. 

Arm of Bird 267 

Diagram of Fore-limb of Amphibian and of Ceratodus ib. 
Sectional View of the Mer do Glace, from the Source 

of the Arveiron to the Col du Geant . . 268 

Iron Mould for subjecting Ice to Pressure . . . 270 

Boxwood Mould for Experiment, showing Shape that 

Ice may assume under Pressure .... ih. 
Cup of Ice formed by squeezing its Component Parts 

together ib. 

Dust collected on a Sheet of Paper exposed at Mont- 

icux 274 

Smut on Maize 276 

Bunted Grain of Wlieat ib. 

Bunt on Wheat ib. 

Diatoms 277 

Foraminifera ib, 

Rotifera 278 

Interior of a Salt Mine 281 

Formation of Salt Cr^Mstals 283 

Leptalis thconoe ; Ithomia flora .... 285 
Leptalis Egaena : Mechanitis obscuni. . . . 286 

Leptalis onse ; Methone psidii ib. 

Pupa of Gonepteryx Rbamni; Leg of Gonepteryx; 

Pupa of Danais plexippus ; Leg of Danais plexip- 
pus p ; Larva of Acrasa viol® ; Larva of Pontia 

brassicie 287 

Aerseagea; Diadexna Hirce 288 

Papilio merope [male) ib, 

Danais echeria ; Papilio merope P . . . . 289 

Danais niavius; Papilio merm>e p . . . , ib, 

Papilio paradoxa (Ilale and Fen^e) .... 290 
Euploea midamus (Male and Female) .... 291 
Diadema misippus; Danais chr^’’sippuB . . 292 

Bphccia CTabroniformis ; Od^morus antilo]X) . ib, 

Sphecomorpha chalybea 293 

Flaps IcmniscatuB ; Pliocercus elapoidcs . . . ib, 

Mimeta bouruensis ; Philedon bouruensis . 294 

Marloye’s Harp of Wooden Rods .... 296 

The Sonometer ib, 

Tho Non-Musical String 297 

Showing Vibration of String damped at the Middle . 299 
Showing Vibration of String damped at one-third of 

its Length ib. 

Showing Vibration of String damped at one-fourth of 

its Length ib. 

Sound-Wave fr'om Tuning-fork . . . .301 

Tuning-fork mounted on Resonant Case . . , ib. 

Vibrating Membrane in Organ Pipe .... 302 

A Musical Reed 303 

Mouthpiece of Pipes : Wooden or Flue Pipe ; Metal 

Pipe ib. 

Reed-pipe ib. 

Reed detached • . ib, 

Savart’s Apparatus for determining Rate of Vibra- 
tion , ib. 

Cagniard's Siren ; the Double Siren of Helmholtz . 304 
End-Bulbs in Papillse ; from Tongue and from Lips . 306 

Touch-bodies 306 

Pacinian Corpuscle ib. 

Thread-cells 808 

Hydra viridis — Magnified, with Embryo ready to 

detach itself . .310 

Vertical Section of Hydra .••••• i6. 



SCIENCE FOR ALL 


rm 


PAOB 


Sertularia, or Sea-Fir 

Sectional Diagram of 

Colls of Flastra avicularia, and of Flustra carbasea . 
Fragment of Sea-Mat (F/iM^ra)~Lif6 Size and Magni- 
fied 

Development of Zoophyte {Clava sguatnata) 
Comparison of a Normal and Abnormal £yo 
Piatmum Spectrum seen by Normal Eye . 

Platinum Spectrum as seen by Colour-Blind Eye 

Table for Detecting Colour-Blindness 

Vessel for correcting Daltonism .... 

Peak of Teneriffe 

Santa Christina . 

Tahiti 

Gun-Cotton and Djmamite Cartridges . . 

Inch Iron Plate, witli Gun-Cotton Slab upon it 
Mode of Packing a Gun-Cotton Torpedo . 

Four Hundred and Fifty Pounds of Gun-Cotton Ex- 
ploding in Forty Feet of Water 
A Whitehead Torpedo charged with Gun-Cotton 

Striking a Ship 

Cavalrj" Pioneer Exploding a Charge of Gun-Cotton 

upon a Railway 

Section in a Gravel-Pit near London 

Showing the Position assumed by Pebbles in a swift 

Stream 

Showing how a River gradually shifts its Bed . 
Diagrammatic Section Across a River Valley to show 
the Formation of Terraces of Gravel at the 

Sides of the Valley 

Peat-bog of hlountain Side 

Peat of River Bends and Delta 

Peat of Silted Valley 

^laritime ^larsh Fenland 

A Crj’stal of the Spar 

Double Refraction of Iceland Spar .... 
Showing Double Refraction of Kay Incident upon 
Crj’stal of Iceland Spar 


312 

313 

314 

315 
ib, 

316 
ib. 
ib. 

318 

319 
321 

324 

325 

329 

331 

332 

333 

334 

335 

336 

337 

330 


ib, 

344 
ih, 

345 
ib, 

348 
ib, 

349 


PA0B 

niustrating Angles of Incidence and of Refraction . 349 
Illustrating Action of Force in Lines of Displace- 
ment 351 

Illustrating the Eolation of Velocity to Refraction . 352 
Tourmaline Plates . . . . . . . 353 

NicoPs Prism with Ray. of Light passing through it . ib, 
Malus* Polariscope . . . . . ' . .354 

Rings and Crosses formed by Polarised Light passing 
through a Section of a uniaxial Crystel cut 
perpendicularly to the Axis .... 355 
Map of the Regions within the Arctic Circle . 357 

A Midsummer View on a Polar Sea, showing the 
Square Stratified Blocks of Newly Grounded 
Floes, the Rubble of Ice pushed l^fore them, 
and also the Domed and Pie Shapes they Waste 


into in the air from the Sun-heated Land . 358 

Diagrammatic Section of Polar Floe .... 360 
A characteristic Form of Crystallised Aluminn . 363 

A Rolled Cr}’8tal of Sapphire ib. 

A common form of Spinel Ruby .... 365 
A common form of 0}’stal of Garact . . ib. 

Hydrostatic Balance, or Apimratus for dcterminii g 

the Spo(?ific Gravity of a solid body . . . ib. 

Diagram illustrating the artificial IVoduction of 

Asterism 366 

Illustrating Area of Low Pressure . . . .370 

Anticyclone ib. 

Anticyclone in S. 371 

Anticyclone in N ib. 

Winter Cyclone 372 

Hermit Crab 374 

Hermit Crab and Tube-Worms 875 

Hermit Crabs Fighting 376 

Pea-crab ib. 

Simple Ascidian {A, microcoRmm) .... 377 
Social Ascidian {A, pedunculata) .... ib. 

Development of Liver Fluke 379 

Development of Sacculina (after Haeckel) . • . 380 




THE NORTHERN LIGHTS. 


By George William 

S OME of us hare seen, even in these latitudes 
on certain rare occasions, beautiful arches of 
light stretching across the heavens, rapidly changing 
in form and colour, with now and again bright rays 
flashing out perpendicularly fix)m them. (Frontis- 
piece and Figs. 1, 2, 6, 7). 

To observe these phenomena, however, in all 
their beauty, we must pay a visit to higher lati- 
tudes,* where they are seen much more frequently, 
and in far greater splendour. 

These appearances are most generally known as the 
Northern Lights, the Meny Dancers, or the Aurora 
Borealis, owing to the fact tliat the high noithern 

* They may be observed in greater perfection in moderately^ 
high latitudes than in the extreme north. For instance, few 
auroral displays were witnessed at Floe Berg Beach, in Smith’s 
Sound (lat. 82®, 27' N.) during 1875-6, when the Alert wintered 
there. The Arctic Aurorse are also of a pale straw-colour, re- 
flecting more light than what one sees in the North Sea. where 

'f.Lo i±. j *..1. X ... 

^hes. “ I remember, on returning from Beechey Island in 
the month of September, admiring the North Sea Aurora as 
a more showy phenomena than the modest but beautiful 
Northern Lights that we had been accustomed to see during 
our two winters in Wellington Ohannel ” {Captain May, iJ JT.) 
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latitudes have been much more visited than the 
southern. The same phenomena, however, are to be 
seen as we go southwards, and so they ai'e sometimes 
spoken of under the name of the Aurora Australia 
We have chosen the most popular name for our title, 
though perhaps the most appropriate one that has 
been applied to them is that of Auroi’a Polaris, 
As few of those who read this will ever have the 
opportunity of actually visiting either the northern 
or the southern polar regions, let us imagine ourselves 
for a brief season to be upon the deck of a vessel 
far away in the north — let us say in the autumn, 
just before the approach of the long Arctic night 
As we glance round, all looks cold and bleak. There 
is light enough for us to see on every hand the 
fantastic forms of the icebergs looming up in the 
darkness. We hear the grinding of the bergs 
together, and cannot suppress an uncomfortable 
feeling as the contingency presents itself to our 

those huge floating ice islands. 

As we look, the scene changes as completely as 
though a magician’s wand had transferred us to one 
of the jewelled palaces of the Arabian Nights. We 
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see arches of light stretching across the heavens 
from east to west — ^sometimes remaining stationary, 
and sometimes moving slowly towards the south. 
Rays g£ light shoot out perpendicularly fi'om the 
ardies, and if the arches are below the horizon we 
only see these rays, which, though really parallel, 
often appear as an effect of perspective to meet in 
a point in the zenith. These rays very seldom 
remain stationaiy, but shoot upwards towards the 
zenith, at the same time moving eastwards, often 
with a tremulous, snake>like motion ftx>m end to 
end, till sometimes they cover the whole sky. 

If now we turn our eyes from this magnificent 
light to look down again upon the surrounding mass 
of bergs which just now looked so weird and gloomy, 
we can scarcely believe that they ai’e the same, for 
now they throw back to us in a thousand colours 
the light that flashes on them from above, and the 
peaks and pinnacles of the bergs appear to be set 
with jewels of the most varied hues and the most 
dazzling brightness. 

The rays appear in the most varied forms and 
patterns, in one of the most beautiful of which, 
though seldom seen, the rays seem to hang from 
the sky in folds like a mantle. 

It is at present rather doubtful w^hether the 
auroral displays are or are not accompanied by any 
sound. Many obseiwere have asseiied that during 
an aui'ora. they have heard crackling and biasing 
sounds ; and some experiments made by M. Plants, 
to >vhich wQ shall ju’esently recui’, as they thiow 
great light on the theory of the aurora, decidedly 
support this view. On the other hand, some of the 
most eminent i)olar explorers* have listened in vain 
for these sounds, and have given it as their opinion 
that what was heard was merely the breaking up of 
the ice, and the grinding of the icebergs. 

Having now in our mind the apiieamnce of 
these northeni lights, we will repeat a well-known 
laboratoiy exfieriment. We take a glass cylinder, 
covered at the ends with brass caps, one of which 
is fitted with a stop-cock, which we can screw to 
the plate of an air-pump. To the brass caj>8 we 
now attach the terminals of a powerful induction- 
coil, but as yet v:e j>erceive no result. We now 
begin to exhaust the air from the cylinder, and 
as the exhaustion goes on we soon see a soft, 
tremulous light beginning to play about the ends 
of the cylinder ; and this, when the air is suffi- 

• AnMWg othen, Sir George Kares and hif companiona, who 

•Iso ooQsidered tha.t the faint auroral displays seen from their 
winter quarters were ** in no way connected with electrical or 
magnetic disturbances.” 


cientiy rarefied, gradually extends right through 
the cylinder. As we continue the exhaustion, these 
phenomena will be reversed, the light gradually 
dying away as the exhaustion increases. We shall 
at once perceive how very much this resembles an 
aurora on a small scale, and so we' have electricity 
suggested to us as the agent which produces the 
aui'oi'a. 

Now, before we pursue further the path of inquiry 
which this analogy opens up to us, I should like 
to ix>int out that when we speak of magnetism 
or of electricity we are really speaking of the same 
agent. Of the inner nature of electricity we are at 
present i}i ignorance, and we do not know exactly what 
change a piece of iron or of steel undergoes when 
it is magnetised by being brought under the in- 
fluence of an electric current ; but I may mention that 
a coil of wire, with a current i)as8ing through it, be- 
liaves in every way just like a magnet. 

Now we all know the great discovery made by 
Sir Isaac Newton, that every jioition of matter at- 
tiacts eveiy other portion wth a force which depends 
upon the masses of the two jwrtions of matter, and 
upon the distance between them. To fix the ideas^ 
suj)pose one of the j^ortions of matter to be the 
earth, and the other a iKxly, such as a balloon, 
moving near its surface. Then if the balloon rises, 
the attraction of the earth uix)n it diminishes; 
while if the balloon falls, the attraction increases. 
Thus the force which the earth exerts u|X)n the 
balloon varies in intensity in a way which depends 
merely on the distance of the balloc*i from the 
surface of the earth. We may say, then, that the 
balloon is moving in a field of force of varying in- 
tensity. The action of this force at every jx>int of 
the field is to pull the balloon j)ei’j)endicularly 
downwards to the earth, and so if through any 
point of the field — that is, any jK)int within the 
sphere of the earth’s attraction — we draw a line 
per|)endicular to the earth, we shall have what is 
called the line of force through the point. 

Now, if we take a magnet of any form, it will be 
in the same way surrounded by a field of foi*oe, and 
the shape of the lines of force, and the manner in 
which the intensity varies from point to point will 
depend on the form of the magnet. 

In this case the line of force at any point is the 
direction in which a magnetised particle would tend 
to move if it were placed at that point. The linea 
of force in the neighbourhood of a single pole, or 
of two poles respectively, may easily be shown by 
placing a card above one of the poles of a bar 
magnet, or over the two poles of a horseshoe magneli 
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and sprinkling iron filings upon it^ when they will 
range themselves along the lines of force,- whieh in 
the first case will radkte from the single pole, and 
in the second case will arrange themselves in a series 
of curves, which ai'e delineated in Fig. 4, p. 183, 
Vol. I. 

Now the earth is a great magnet, and the direc- 
tion of the line of force through any point on its 
surface is easily found in the following manner. 

We first take a needle, and suspend it in such a 
manner that when magnetised it will turn freely in 
a horizontal plane. If now we take a line on the 
earth’s suiface through this point in the direction 
in which the needle comes to rest, we get what is 
called the magnetic meridian at that point ; and the 
angle between this and the geographical meridian 
is called the declination. 

We next balance a steel needle very accurately 
upon a horizontal pivot, and place it so that it can 
turn freely in the vertical plane passing through 
the magnetic meridian. We shall find in these 
latitudes, that when magnetised, the north-seeking 
end of the needle will point downwards at a con- 
siderable angle to the horizontal, which is called 
the angle of dip^ the needle being called the 
dipping-needle. 

The direction of the needle now gives us the 
direction of a line of force, and we find that the 
lines of force start from near the poles and rise 
to a great height above the surface of the earth 
near the equator. Now, the rays which are seen 
in the aurora are always parallel to the dipping- 
needle — i,e,, to the magnetic lines of force, and this 
is another indication that electricity is in some 
way or another the agent in auroral displays 

The rising upwards of the lines of force as they 
approach the equator gives us one reason that 
aurorse are seen more often, and to greater advan- 
tage, as we approach the poles, for the lines of force 
rise to such a height that even if the display took 
place so high up it would become more and more 
difficult, and at last impossible for us to see them. 
Most probably, however, the displays Would not 
take place at these great heights, owing to the 
extreme rarefaction of the atmosphere, just as we 
found in the case of the exhaust^ cylinder, that 
when the exhaustion was carried beyond a certain 
point, the discharge took place with continually 
decreasing intensity, and finally ceased altogether. 

Probably some of my readers have noticed that 
wh^ the current from a powerful induction-coil 
was being sent through the so-called vacuum tubes, 
which are really tubes filled with rarefied gas, a 


tendency to stratification, or the formation of stii», 
was distinctly observable. With special appliances, 
only in the hands of a very few scientific workers — 
such as Mr. Warren de la Rue’s chloride of silver 
battery, or Mr. Spottiswoode’s large induction-coil, 
furnished with a contact-breaker which works with 
great regularity, and, if desired, at a very high 
speed — these striae can be obtained with a perfect 
distinctness and uniformity, looking like a row of 
discs placed at regular intervals one in front of the 
other, and can be made to remain stationary or to 
move slowly or rapidly along the tube, by alteiing 
the electrical resistance of the circuit or the speed 
of the contact-breaker. These striae are exactly 
analogous to the arches in the aurora, for the arches, 
as they appear to us, are in reality cii*cles concen- 
tric with the magnetic pole. 

Again, the intensity of the magnetic force at any 
place, the declination, and the angle of dip, are 
subject to variations, some of which are j^eriodic — 
diurnal, annual, and some of longer periods ; and 
othera are sudden and irregular, and brought about 
in a manner about which we know very little, 
though comparatively recent researches have shown 
us that these sudden irregular disturbances, or 
magnetic storms as they are called, are very closely 
connected with the solar storms which show them- 
selves to us as sun-spots, and with the nature of 
which we are gradually becoming acquainted 
through the wonderful I’evelations of the spectix)- 
scope. We should therefore exj^ect the auroral 
displays, if really magnetic phenomena, to show 
some connection with these magnetic storms ; and 
as a matter of fact we find that aurorae are only 
to be seen during the prevalence of these magnetic 
storms. 

The magnetic storms are not by any means only 
to be detected by means of special instruments 
for observing changes in intensity, decimation, and 
dip, or as we usually say, changes in the magnetic 
elements; for when these storms are at all con- 
siderable, strong currents are produced in the 
telegraph-lines, and in some instances the tele- 
graph, operators have been obliged to cease work- 
ing the line during the prevalence of the magnetic 
storm. 

Auroral displays usually take place at a great 
height — sometimes as high as 300 nules — while 
their average height is over 100 miles. At such 
heights the air must be extremely rarefied, and we 
should be disposed to expect that die electric dis- 
chai'ge could not take place through it. 

Let us now return to tho laboratory, and see 
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wlietlier we can make any experiment which will 
throw light upon this difficulty. If we send 
the ^eotric dischai^ through one of the so- 
called vacuum-tubes — choosing one which coxisists, 
throughout part of its length, of tube which is 
much narrower than the main portion — we find 
that when the discharge is passing the pressure is 
greater in the narrow part of the tube, showing 
that in some way gas is being carried along by 
means of the current, and Professor A. S. Herschel 
suggests that in some similar way air may be elec- 
trically carried up to these great heights. 

When the light of the aurora is examined by 
means of the spectroscope, it does not simply give, 
as might be expected, the spectrum of rarefied aii* ; 
but the chief feature of the spectrum is a single 
greenish-'yellow line — a spectrum which is totally 
different from that of oxygen and nitrogen, the 
gases of the atmosphei*e. A red line is also fi^e- 
quently seen in the spectrum of the aurora, and its 
brightness seems to vary in an inverse ratio with 
that of the green line. Besides these two chief 
lines, some fainter ones are generally discernible, 
which appear to coincide with those which are seen 
in the spectrum of rarefied atmospheric air. 

This variability in the spectrum shows us that 
the light must either come from different sources, 
or be produced under varying conditiona Now, 
it is a tolerably well established fact that many sub- 
stances give a peculiar spectrum when undergoing 
decom}X)sition — that is, when the elements of which 
they are composed are passing out of an old com- 
bination into a new one. Ibis suggests a veiy 
probable explanation of the peculiar s})ectrum of 
the aurora; for if, as is most likely, the electric 
discharge takes place between particles of ice or 
of water, there will be a decomposition going on 
at the surface of these particles, just as in the 


laboratory we are able to effect the deoompO(Edti0n of 
water into its constituent gases by passmg throogh 
it a current from a galvanic battery, or a magneto- 
electric machine. Some experiments made by 
M. Plants,* throw so much light upon the pheno- 
mena of the aurora, that they cannot fail to interest 
the reader. In these experiments the author 
studies the behaviour of the electric discharge from a 
powerful battery in the presence of aqueous masses, 
so that the conditions are assimilated as nearly as 
possible to those which occur on the large scale in 
these polar lights. 

A glass vessel is partly filled with salt water, and 
the inner surface of the vessel above the water is 
moistened with the solution. The wire from the 
negative pole of the battery — or as it is usually 
called, the negative electrode — ^is now immersed 
beneath the surface of the liquid, and then the 
positive electrode is put in contact with the moist 
sides of the vessel. If we begin by placing the 
positive electrode in contact with the side of the 
vessel at some little distance from the surface of 
the liquid, and gradually lower it towards the 
liquid, a series of phenomena ai*e seen, presenting 
a most complete analogy to the polar lights. 

Fii*st we have a wreath of light completely sur- 
rounding the positive electrode, as is shown in 
Fig, 3. As we lower the point of contact between 
the positive electrode and the side of the vessel, 
this wreath gradually changes into an arc of light, 
with bright rays darting out from it, as in Fig. 4, 
and then this again changes into a sinuous line, 
which continually folds and re-folds upon itself 
with a wriggling snake-like motion, which exactly 
represents on a small scale the serpent-like undu- 
lations fi^uently seen in the aiiroml light. Fig. 5 
will give an idea of the appearance of this sinuous 
• Oompfcet Rendni,” vol. Ixxxiii. 
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line, with the bright rays shooting from it into the 
liquid. 

The presence of salt in the water renders it a 
better conductor of electricity, but at the same 
time it causes a great predominance of yellow light 
in these experiments; we can, however, perceive 
purple and violet tints, similar to those seen in the 
aurora, at the parts where the condensed vapour is 
least charged with the salt. The rays which are 
seen darting out from the luminous arc are due 
to the penetration of the electric discharge into 
the liquid, and are an exact reproduction upon a 
miniature scale of the bright rays which in the 
aurora seem to be continually darting out from 
the arches. 

* In these experiments we notice that we do not 
always get a complete circle of light surrounding 
the positive electrode, while in the aurora the arcs 
ai'e always such portions, as can be seen by the 
observer, of complete circles; this, however, is 
merely caused by the liquid not completely sur- 
rounding the electrode, and if we immerse it further 
into the liquid we get complete 011X3168 or luminous 
waves quite analc^us to those of the aurora. 

A crackling sound is heard during the experi- 
ments, due to the vaporisation produced by the 
electric sparks penetrating into the liquid, and this 
corresponds to the sound which, according to the 
statements of many observers, is produced during 
an auroral display. In considering the weight to 
be given to the negative evidence of several emi- 
Mnt Arctic explorers who have never heal'd these 



Fig. 7.— Aurora Borealis ol)8erved at Brevillepont, Sept 26, 178t. 


sounds, we must bear in mind that the polar lights 
are usually at a great height above the surface of 
the earth, and it would be only when they were 
exceptionally near to the earth that any sound, if 
produced, could be audible. 

The liquid is thrown into a state of violent agi- 
tation by the electric discharge, and if the experi- 
ment be made with a small quantity of liquid, a 
fluctuation in the light is produced corresponding 
to that which characterises the polar lights. 

We 'pointed out that the polar lights were always 
accompanied by great magnetic disturbances, and so 
it immediately occurs to us to try what will be the 
eSect of suspending a magnetised needle in the 
neighbourhood of the electric circuit during the 
experiments ; and we are not disappointed in our 
expectation that the analogy will hold good here 
also, for the deflection of the needle increases or 
decreases according as the luminous arc becomes 
more or less developed in the liquid. 

There is still another phenomenon connected with 
the polar lights, for which we can find an analogy 
in these experiments — ^namely, the abundant falls 
of rain or snow which have always been noticed 
during the prevalence of an aurora, for in making the 
experiments it is found that the deeper we immerse 
the positive electrode in the liquid, the more 
abundantly is aqueous vapour liberated. 

It is interesting to notice that these phenomena 
are only exhibited at the positive electrode of the 
battery, and nothing similar is seen at the negative 
electrode. M. Plante believes, from these and other 
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experiments^ that in the aurora the imperfect 
vacuum of the upper i^egions of the atmosphere, 
forming a vast conducting envelope, plays the part 
of the negative electrode in these experiments, and 
that the light h caused by positive electricity flow- 
ing off from the earth, through the icy mists or 
clouds which float above the poles, towards the 
{flanetary spaces. 

It may seem to some almost inconceivable that 
electricity can be thus flowing off towaixis other 
planets, and that therefore there must be some kind 
of electric communication between planet and 
planet Yet the close relation between the terrestrial 
magnetic storms and the prevalence of sun-spots, 
which is now a well-established fact, shows us that 
some such communication must exist; and other 
researches tend towards the same I'esult. 

To explain the transmission of light on the now 
universally received undulatory theory, we have to 
assume the existence throughout known sjmce of a 
medium cajmble of transmitting light-vibrations. 

Again, many electro-magnetic phenomena may be 
explained in by far the most natural way on the 
assumption that when different bodies are acting 
electrically upon one another, there is an actual 
traiismission from one body to another of mechanical 
action by means of a medium occupying the space 
between them. Now, it would be a most unphilo- 
sophical proceeding to fill sj)ace with a new medium 
wlienever any new phenomena are to be exj>lained ; 
but if, on the other hand, the study of two different 
sets of phenomena has indefjendently suggested the 
idea of a medium, and if the properties wliich must 
be ascribed to the medium in order to explain one 
set of phenomena are found to be identical with the 
properties which must be ascribed to it in order to 
explain the other set, then the evidence for the exis- 
tence of the medium is considerably strengthened. 

Now, in the case in question we have the means 
of determining, independently from the two sets of 
phenomena, the rate of transmission of a dis- 
turbance, which can be directly observed in the 
case of light, and which can also be calculated from 



We are, 

determinatioii with 

to Btate absolutely that the two i 

result, but if we take the mean 
most trustworthy determinations of the ^velocity of 
light, and the mean of the most ajpeurate of the 
rate of transmission of an elect^'O^magnetic distur- 
bance, we find that the differenfce between the two 
results is less than the difference between some of 
the different determinations of the velocity of light 
or of the velocity of transmission of an electro- 
magnetic disturbance. 

We thus obtain a strong confirmation of our 
supposition that both optical and electro-magnetic 
disturbances are transmitted by the same medium, 
and many other experiments lead us to the same 
conclusion suggested by this result — viz,, that light 
is an electro-magnetic phenomenon. But we cannot 
now discuss this subject, as our object is not now to 
prove that light is an electro-magnetic phenomenon, 
but simply to j^oint out what strong evidence there 
is to show that electrical action is transmitted at 
any rate between the different membera of our 
solar system, and ju*obably also from system to 
system. 


Neither is this the place for us to s|>eculate as to 
how far electric influence may extend throughout 
the univerae, or whether science may one day tell 
us of some close connection existing between 
electrical action and that mighty discovery of the 
immortal Newton of the mutual action between all 
the parts of the physical universe which is known 
as “atti-action of gravity,” and which unites all its 
mighty systems into one great whole. 

We have now been led step by step from the 
comparison of the phenomena of the polar lights 
with simple laboratory experiments to the considera- 
tion and explanation of theii' electrical origin, and 
at this point .we must leave the reader ; but before 
doing so we would merely remark in conclusion 
that great attention is now being given to the study 
of terrestrial magnetism, and phenomena connected 
with it, so that a few years will probably add very 
largely to our knowlec^ of the aurora. 
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THE MATHEMATICS OP PLANTS. 

By Geokge Dickie, M.A., M.D., FJl.S., 

Formerly Profegeor of Botamy ite the Vnivernty of Aberdeen, 


T he great variety in the external aspect or habit 
of plants has relation to several conditions, such 
as the character of the stem as regards height, 
branching, &c. ; the size, form, colour, and covering 
of leaves, and theii* arrangement on the stem : in 
the latter respect there is generally clear evidence 
of definite order or law. The common observer 
may find a little difficulty at first in examining the 
subject, but some knowledge of it will add materially 
to the pleasure derived from the cultivation and 
examination of plants. We shall find that there 
is order in what looks at first sight most irregular, 
and that even the leaves of a plant are not attached 
to the stem without obeying certain fixed, though 
simple, mathematical laws. It is necessary at the 
outset to exi)lain a few technical terms used by 
botanists. The part of the stem or axis to wliich 
a leaf is attached, or from which it springs, is called 
a 7iode ; the space or part of the axis between one 
node and the other, above or below, is called an 
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Fig. X.— Alternate Arrangement of Leaves. 


intemode, and these spaces are longer or shorter 
in different plants. The relative positions of leaves 
on the axis, or the way in which they are distributed 
on the stem, is technically called phyllotaxis — from 
two Greek words which signify and order or 


arrangernent. Numerous treatises have been written 
on this subject by different observers, and it is con- 
sidered to have relation to certain mathematical 
principles. A very common arrangement is that 
v/hich is called cUte^mate (Fig. 1), in which the leaves 
stand singly on the nodes. Some common plants 
are examples, as the poplar, the oak, the apple, &c, ; 
in other cases, a node appears to support two leaves 
— one on one side, another on the other side of the 
axis : the term opposite is applied to such cases 
(Fig. 2). In some cases a su]^rficial examination 
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Fig. 2.— Opposite Arrangement of Leaves. 

might lead to an erroneous conclusion, the two 
leaves being nearly but not strictly in opposition ; 
the term sub-opposite would be the correct expi*es- 
sion in such, there being in reality a s/iort mtemode 
between the two. Two of our native orchids, such 
as the twayblade (Listera), not uncommon in shady 
meadows and woods, may be mentioned as examples; 
and in a series of specimens a few may occur in 
which the leaves obviously come under the first 
or alternate arrangement, the intemode being longer 
than usual. It is, however, worthy of notice that 
usually the pairs of opposite leaves alternate with 
each other — ^that is to say, if we place the stem 
before us, and observe a pair of leaves one on the 
right, the other on the left, the next pair will 
stand one in front and the other behind ; the suc- 
cessive pairs of leaves are then described as deeusscde 
(Fig. 3), but even this may not be strictly true, 
and several pairs of leaves may intervene tetween 
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those which are properly at right angles to each 
other. 

TakCi again, the common bOd-straw (6rWtum), or 



madder, and we find the leaves arranged after what 
is known as the verticillcUe, or whorled manner 
(Fig. 4). Here we find that more than two leaves 
appear to come from the same transverse zone, or 
node. In these cases also we find alternation of 
leaves in the successive whorls — that is, each leaf 


Fisr. i.— Amagement of I/eavet. 

tisoally stands opposite the spaces between the 
leaves of the next whorl. 

It has been already stated that the length of the 


intemodes materially affects the habit or e^ctemal 
aspect of plants, and there may be such difference 
of their length on the same axis and at different 
periods of its ^owth. In some of our common 
native species of buttercup, the leaves on the lower 
part of the stem appear to be in close tufts ; those 
further up are more widely separated, the intemodes 
being longer. 

If in the case of alternate leaves — like those of 
the elm or lime tree — we 
round the stem, and, touch- 
ing the point of attachment 
of each leaf, it will be seen 
to be a spiral line ; or 
fasten one end of a thread 
to the stalk of a leaf low 
down on the stem, then 
cany it to the next leaf 
above, and give it a twist 
or turn round the base of 
it, and so on; the nature of 
the line of connection can 
then be seen; there is, in 
fact, a helix which, in 
passing round the stem, is 
moi*e or less regular. A 
horizontal projection of 
this is called the genetic 
spiml, and it is best un- 
derstood in the case of 
alternate leaves. 

It will be necessary to 
allude here to an expres- 
sion used in connection with 
this subject The term cycle 
has reference to the different 
leaves which are included 
in the complete circuit 
of the spiral — ^that is to 
say, those leaves from the 
stands right above it. A technical name is also 
given to that part of the stem or axis included 
between one leaf and the next which stands directly 
over it : tliis is called the angvlar divergence, Tims, 
where the leaves are in two rows, the space between 
two opposite leaves is just one-half of the circle or 
circumference of the stem, and where there are 
three rows it is one-third ; the expression is ap- 
plied in the first case, and -jf in the second. The 
upper figure (numerator) shows the number of 
turns in the helix, and the lower (denominator) 
the niimber of leaves embraced in the cycle. A 
circle contains 360°; the term ^ indicates angular 





suppose a line drawn 
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divergence equal to ISO®, or one-half of 360®; ^ 
corresponds to 120®, the third of a circle. 

In many plants — such as the apple, peach, cherry, 
poplar, &c. — the leaves present a five-ranked ar- 
rangement. Beginning with one leaf, two circuits 



Fig, 6.— Hoiizontal Arrangement of Fig. 6. 


round the stem are necessary before reaching the 
leaf directly above the one from which the line 
began. The fraction f is used to indicate this — 
that is to say, two turns round the stem, and the 
sixth leaf directly above the first ; therefore 5 leaves 
in the cycle. Figs. 5 and 6 show a spiral and 
horizontal projection of a -J arrangement. 

When we make three turns round the stem before 
reaching a leaf right above the first, the expression 
is |, 3 being the number of turns, and 8 the number 
of leaves in the cycle. 

There are other aiTangements, and all may be set 
down here— i, <kc. 

Now, on examining these expressions, an interest- 
ing result comes out — a fraction has its numerator 
equal to the sum of the numerators of the two pre- 
ceding, and the same is true of the denominator. 
One example may suffice. Taking the two firet — ^ 
— these by addition give the next and so on. In 
the series given above, called the j)rimary series, 
any numerator is the same as the denominator of 
the fraction next but one preceding — ^for example, 
the numerator in is the denominator of the first, 

A few examples may be given of plants which 
show some of these arrangements : — 

J. Gladiolus, iris, grasses, lime, elm, &c. 

J. Birch, orchis, tulip, &c. 

|. Apple, oak, poplar, cherry, &c. 

g. Flax, holly, &c. 

A- Cones of Weymouth pines, eyes or buds on the tubers 
of potato plant. 

A* Cones of larch and silver fir. 

The more simple arrangements are of frequent 
occurrence ; where the 'intemodes are very short., 

50 


the leaves are crowded, and the analysis of such 
cases is more difficult, as in the rosettes presented 
by the leaves of some sedvms or stonecrops, and of 
aempervivnm or houseleek (Fig. "^9 tV arrangement), 
and the cones of firs. Nevertheless, the general spiral 
arrangements are in such cases obvious enough ; 
instead of one simple spiral there 
are several parallel or secondary 
spirals, more or less numerous. 

This is best seen in any large, 
or even small, fir-cone. Some 
of the spirals run from left to 
right, others the reverse. In 
such cases the primary or genera- 
ting spiral has reference to a full ‘ 
series of the leaves on the axis, 
the spiral line passing through every leaf; the 
secondary spirals are only partial — that is, do not 
embrace every leaf or scale. In such cases, the 
fundamental spiral cannot be easily followed; but 
an examination of the secondary spirals will give 
assistance in this. These secondary spirals vary in 

i 

I 

I 



Fig. 8.— The Side of Cone of Weymouth Pine, with Soalee immbeved, 
and a Projection of the Arrangement. 


number according as the fractional sign of the 
primary spiral is higher. 

The cone of Pintu atrobiu — ^white or Weymouth 
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pine — is in various 'works used to illustrate this 
subject, and the same example may be adopted 
here. Fig. 8 i^presents one side of the cone with 
the scales numbered, and beside it a projection of 
the arrangement the normal in this cone, the 
number 14 being directly above the scale number 1, 
the cycle consisting of 13 scales, the spirals being 5. 
A line which i)a8ses to the left through the numbers 
1, 2, 3, 4, <bc., makes five turns round the cone before 
it ends at 14, directly above 1. There are 5 paral- 
lel spirals of the order 1, 6, 11, <fec. (these give 
the numerator), and 8 of the order 1, 9, 17, &c . ; 
then 8 and 5 give 13, so that the primary spiral 
expressed by may be got from the number ot 
secondary spirals pai’allel to one another. 

Although the angular diveigences of leaves re- 
presented by the series of fractions already given, 
are on the whole constant in individual plants, still 
it must be noted that there are delations. Start- 
ing from one leaf, and following up the spiiul, we 
may find a leaf vertically over the first, which will 
give a fraction difierent from the ordinaiy one.* 
Most fir-cones have such arrangements as are ex- 
pressed by the ordinary terms, J, a, f (fcc., 
whose generating and successive secondary spirals 
are shown by the numbers 1, 2, 3, 5, 8, 13, &c. ; 
but cases occur in which there ai*e either conjugate 
spii'als of the oixlinary system, or there are arrange- 
ments which may be referred to other systems of 
spimls. The more common exceptions are bijugates 
of the usual system, and therefoi’e i^])resented by 
the numbers 2, 4, 6, 10, 16, 26, &c, ; and simple 
spirals of the system y^, <iirc., giving the 

numbers 1, 3, 4, 7, 11, 18, Ac. Rarer exceptions 
are trijugates of the ordinary system, giving the 
numbers 3, 6, 9, 15, 24, 39, &c,, or spirals of the 
system /y, yV, giving the numbers 1, 

9, 14, 4, 5, 23, 37, <fec. 

Bravais and others have explained some of these 
abnormal arrangements by supposing jiartial 
abortion of one of the spirals, or coalescence of two 
secondary spiiuls into one. Professor Dickson’s 
objection to this idea is that secondary spirals are 
only relative, and he shows that in some cases there 
is coalescence or union of two consecutive scales of 
the secondary spirals, giving rise to disturiwince, 
this being really the true explanation. In other 
cases, it is considered that the ordinaiy simple spiral, 
and the ordinary bijugate, are fundamental forms — 
that is, forms with either of which a cone may 

* A« hM beea abown in the case of ti^nie Firt by Professor A. 

Dickson. Transactions of the Boyal Society, Edinburgh,** 
Tol. xxtL) 


commence without the intervention of another* 
The derivations of the different sjrstems from the 
one or from the other would thus be a simple 
matter. 

Variations of the angular divergences of the 
leaves of the Jerusalem Artichoke (Hdimihm 
tuherosus) have been examined by the Rev. Geoige 
Henslow.t He observed transitions from one kind 
of divergence to another : were not uncommon, 

and more larely an approach to ^ and y*^^. But 
these can be antinged in a series analogous to the 
usual one — viz., ^ , -f , y*y, y*^, &c. ; that is to say, 
numerators being the same, the denominators of the 
successive fractions of the secondaiy series are equal 
to the sums of tlie numerator and denominators 
of the corres{)onding fractions of the oi'dinary or 
primary series. Mr. Henslow shows that any one 
series can pass into another if it be represented by 
a generating spiral, the angular divergence of which 
is a low one in that series. In the same jmper a 
comparative view is given of fractions belonging to 
deviations from the ordinary or primary series, 
thus ; — 

Primary Scries, 4 , J, f, A, iv 

Secondary Series, I 

Tertiary Series, 4, J, Jg. 

Hei*e the sum of the denominator and numerator 
of the thiid fi*action of the primary series gives the 
denominator 7 to the third fraction of the secondaiy 
series, and so on ; and, as in the primary series, so 
in the others, the sum of the denominators of two 
adjacent fractions 
gives the denomina- 
tor of the next suc- 
ceeding. 

It has been al- 
ready stated that in 
the primary series 
any numerator is 
the same number as 
the denominator of 
the fraction next 
but one preceding. 

This relation does 
not hold in the 
others; “but if it 
be remembered that 
the denominators 
can be formed by 
adding the numera- 
torand denominator 
of the ooiresponding fraction of the preceding series, 

t ** TroniAotioni of Linnean Society,** voL zzvi 



Fig. O.-^Diagram illuatratiBg Hr. Hen* 
•low's TheoKj. 
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the true and general relation at once appears.” The 
following are examples: — The denominator of the 
fraction f supplies the numerator to the fraction 
but in i^e secondary series the denominator is 11 
(i.e.,8 + 3); so also in the tertiary series 
the denominator of the corresponding 
fraction is 14 — ^that is, 11 + 3 is equal to 
8 + 3 + 3. • The fourth fractions may,, 
therefore, stand thus: qK 8 + 3 + 3 . 

8 + 3 + 3 + 3, 

Mr. Henslow shows by a diagram (Fig. 1 " 

9) that ** the angular distances included \ ^ 

by the limiting positions of the second \ 
leaves of all generating spirals, common- V ' * - J 
cing^t 0, decrease according as the spirals \ 

belong to the secondary, tertiary, or \ 

quaternary series j so also does the num- \ ^ 

ber of leaves in a single coil increase cor- \ \ 

respondingly j and, therefore, the higher ^ 

the series, -the more nearly does any spiral ^ 

belonging to it approach the verticUlate 
condition, provided the intemodes be but 
slightly developed.’^ There appears to be 
a relation between the folding or mutual 
relation — technically called ceativation or 
p*eJloration — of the parts of the flower 
when in bud and the laws of phyllotaxis or leaf- 
arrangement. In many such flower-buds the arrange- 


divided. On each side of these primary radii others 
are drawn at equal distances, and each measured by 
a scale of equal parts : the accompanying diagram 
(Fig. 10) of an ivy-leaf will illustrate the method. 


/ A 







Pig 10.— Ivy-leaf . illustrating Mr. MitcheU's Theory. 

The length of each principal radius, added to that 
of each of the secondary, and the sum divided by 


ments |, may be recognised; but to enter into 
details would necessitate the use of technicalities 
foreign to the subject of tliis article. 

It may be stated here that in some of the lower 
forms of plants, such as mosses, ferns, <fec., the angle 
of divergence of the leaf-organ is related to the prin- 
ciple of growth. In the J aiTangement the cell at the 
end of the axis is divided into two. When the seg- 
mentation or division of the apical cell is in three 
rows, each new division-wall of the cell at the apex 
being parallel to the last division-wall but two, two 
rows of leaves are formed, arranged spirally with the 
divergence The segmentation, then, of the apical 
cell has a relation to the leaf-arrangement in Crj^p- 
togams — mosses, &c.; in Phanerogams — flowering 
plants- — the same relation does not hold. 

It may not be out of place to refer here to 
attempts having reference to approximate measure- 
ments of the mean curves of leaves. The subject has 
been examined by Mr. W. Mitchell.* Taking an 
outline of a leaf, he selects a point J of the mid-rib 
from the base, and from that he draws radii vectores 
to the outline, corresponding to equal arcs, into 
which a circle described round the pole or point is 
* ^'Transaotioni Edin. Botanical Society,** vols, vi. and x. 


the total number, gives a mean radius to each 
primary division of the circle. It is conjectured 
that a series of careful measurements made in this 
way would afibrd data for comparing the average 
variation in form of the leaves of any plant, which 
might lead to numerical relations throwing light on 
the laws of vegetable morphology. In his second 
paper Mr. Mitchell treats of equations to the curved 
outlines of the leaves of plants. He proposes to 
find formulas to express the curves of the outlines 
of leaves, so that the calculated values should not 
difier from the measured, more than the proportional 
measurements of several leaves of the same plant 
differ among themselves, by reason of their ordinary 
variations. 

He tiuces the outline of a well-developed leaf on 
paper. The base of the mid-rib is taken as the origin 
of measurement, and from it lines are drawn to the 
margin, making equal angles with each other. These 
being measured by a scale divided into tenths of an 
inch, and the first line or radius vector being longest, 
we have a descending series of terms from which to 
construct a formula for the curve in question, in 
simple, undivided leavea Little modification is 
necessary to the more r^larly divided leaves, and 
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to compound leaYCS. In the S-lobed leaf of maplCi 
the ranting vein of each lobe may be oompared to 
the mid-rib of a single leaf, and a formula found for 
3 out of the 5. The intersections of the curves will 
juoduce the outline of the simple divided leaf, when 
set off on 5 axes, making usually an angle of 45° 
with each other. 

In the simple leaf of laurustinus, the radii for 
angles of 10° are 34, 26*2, 20, 15, 11, 7*23, 5, 2-6, 
0*2, 0, being nearly the same results as by actual 
measurement — viz., 34, 26, 20, 15, 11, 7, 5, *2, 0. 

Attention may now be directed to the number 4, 
or a multiple of it in some of the lower forms of 
plants. The instances are so numerous that a few 
examples may suffice. It is also worthy of notice 
that division of protoplasm into two is not un- 
common. This is well illustrated in the develop- 
ment of the reproductive spores, as they are called. 

The gills of mushrooms are covered with numerous 
club-shaped cells — sporophores or spoi'e-bearers — on 
the summit of which the spores 
are in groups of 4. In others, 
such as the well-known mush- 
room called the morell, there are 
eight spores in an oblong case or 
cell. In one of our most com- 
mon searweeds, the Fmucus vesicur 
hsvs, or bladder fucus, so-called 
from numerous air-vesicles on it, 
the contents of oogonium divide 
into eight portions (Fig. 11). 

The spores or seed-like organs 
of mosses, are produced in fours, 
male fern, Aapidium JUix 
they follow the same law. 

This is also illustrated in the development of the 
grains of the dust-like pollen, which is sliaken out 
of the flowers of the higher plants, or those which 
have obvious flowers. This is well seen in the 
earlier stages of the pollen in mallow. After the 



Fig. Pollen. 






Kg. 11.— Eight por- 
tions of Oogonium. 

In the common 


four very young grains escape from the mother-cell 
and are free, they increase in size, and the surface 
becomes rough with projecting points. In some 


oases the grains, after escaping from the parent 
cell, even when mature, remain bound together^ 
giving, thus, composite pollen. This ooours in 
species of typba (cat’s-tail) or bullruah. An early 
stage of the pollen thus remains persistent (Fig. 12). 

We may finally biing under notice the very 
notable law which prevails in the number of the 
teeth which surround the mouth of the ripe cap- 
sules or cases which contain the spores of 
mosses. It may be stated, in passing, that 
these teeth, forming what is called the 
peristome, are highly sensitive to moisture, 
folding over the mouth of the capsule, or 
unfolding outwards, according to the state 
of the atmosphere as regaids moisture or 
dryness. 

The numbers of these teeth, when pre- 
sent, are 4, or some power of 4 up to 64, 
being 4 in tetrapbis (Fig. 1 3) ; 8 apparently 
in some species of orthotrichum (Fig. 14) ; 

16 in grimmia and others ; in zygodon, 
the outer teeth are considered to be of 32 
primary divisions, united 2 or 4 together, so as to 
represent 16 or 8 plain teetL In polytrichum 
there are 64 (rarely 32) teeth. Where there are 
two rows of teeth, which is a fre- ^ 

quent character, the law also pre- ' 

vails, and those of the one row / ^ * 

alternate witli those of the other. 

If we examine the parts of the 
flower in the higher orders of plants, 
we observe also that certain num- 
bers prevail, but they are less constant In those 
which are called monocotyledonous, in which 
there is apparently one lobe in the seed, the three- 
ranked arrangement prevails, as in crocus, iris, 
tulip, &c. The four and five-ranked, on the other 
hand, are most frequent among dicotyledonous 
plants. Fuchsia, epilobium, &c., have the whorls of 
the flower in groups of 4. In primroses, and many 
others, the number 5 prevails — that is, the quinaiy ; 
among them, however, there are some exceptions, 
the number 3 being seen in magnolia, barberry, &o. 
As an example of the three-ranked arrangement 
in the monocotyledonous division, we may take the 
flower of a hyacinth ; we observe on the outside 3 
parts, or sepals ” as they are called, forming the 

calyx ” or cup. More internally, we see other 3 
— the petals — ^the corolla, or coloured part of the 
flower. Next we find 6 stamens ” in two rows, 
an outer and inner, and in the centre of the flower 
a seed-vessel of 3 pieces conjoined ; all these alternate 
with each other. The same succession of parts may 
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be observed in complete flowers of dicotyledons, the 
ntunbers in each whorl being, however, mostly 4 or 
6, although there are exceptions to this. 

It seems to be a fair conclusion, from structures 
and arrangements here recorded, that in plants. 


whether high or low in the scale, certain principles 
regulate the number and arrangement of different 
organs, and that even in what is popularly com 
sidered to be “admirable confusion,'’ the mighty 
“ reign of law ” prevails. 


HOW THE WIND CHANGES. 

By Robbut James Mamn, M.D., F.R.C.8., F.R.A.8., etc., 
' Formerly President of the Meteorologioal Society. 


I N an article entitled Why the Wind Blows ” 
(Vol. I., p. 321), the drifting along of air, or, in 
other words, “ wind,” was traced to the influence 
of weight, and to the modifying agency of varying 
heat Warm air, being relatively light, is displaced 
from the position in which it would otherwise rest 
by the pressure against it of the heavier air seeking 
to settle down as low towards the earth’s centre as 
it can get The cold, dense air flows along the de- 
scending slopes of the ground very much as water 
streams along the descending channels of rivers 
towards the yet deeper depressions of the sea. The 
flowing air is recognised as wind because it strikes 
against projecting objects that stand in its path. 
It is /elt as wind when those objects happen to be 
living cimtures so organised as to be conscious of 
the mechanical pressure that is exerted ujm their 
bodies. 

But living people who stand in the path of a cur- 
rent of flowing air, or wind, not only feel the pres- 
sure of its movement, but also perceive the direc- 
tion in which the air-current flows. It is felt to be 
exerting its pressure upon them from one particular 
side, and it is found that the direction of this pres- 
sure is not at all times the same. The wind changes 
its course from hour to hour. At any one station 
it blows from the south at one time, and from the 
east, or north, or west, upon other occasions ; and 
it is not at all a difficult matter to understand why 
this must be the case. It is quite as possible to 
trace the mechanism by which the wind is njiade to 
change its course as it is to comprehend why it 
blows at all. 

One of the simplest, and therefore most intel- 
ligible, instances of the changing of the wind is that 
which is almost constantly met with along any ex- 
tended stretch of searcoast in the middle of summer. 
It is there found that during the hottest period of 
the day the wind almost certainly blows in from 
the sea to the land j but that during the cooler 
hours of the night the wind changes its direction, 


and blows back from the land to the sea. There 
are sea-breezes during the day, and land-breezes 
during the night. The reason for this change is a 
very obvious one. During the day the land gets 
more heated than the sea. It I'etains all the heat 
of the sunshine very much on the spot where 
it falls, whilst the sea drinks in, difiuses, or spreads 
a similar amount through a large bulk of water. If 
a hand be laid upon the ground, or the sand of the 
searshore, on a bright, sunny afternoon, it will be 
almost scorched by the high tempemture which has 
accumulated from the blazing sunshine ; but if the 
same hand be plunged into the water of the neigh- 
bouring sea, no such burning heat will be felt. The 
air which rests upon the heated land is, in conse- 
quence, warmed by contact with it, and expands 
and becomes light; and the heavier air which is 
floating over the cooler sea, not being warmed and 
expanded to the same extent, presses with its greater 
weight in upon that which rests over the land, and 
drives it out of the way. The air-movement is from 
the place where the pressure is greatest to the place 
where the pressure is least — that is, it is from the 
sea to the land. 

After the setting of the sun, however, the heated 
land very rapidly scatters back into space the 
warmth which it has accumulated. But the sea 
does not dissipate its heat in the same rapid way, 
because it holds what it has received back in the 
deep recesses of the water. In a comparatively 
short interval of time, therefore, the land gets 
colder than the sea. The air over the land then 
ceases to be expanded and made lighter than that 
over the sea. The land air being thus hea'vder than 
the sea air, and the movement of the wind being 
necessarily fi*om the place where the pressure is 
great to that where it is less, the breeze blows from 
the land to the sea. To any person standing upon 
the sea-shore it becomes at once evident that this is 
the true state of the case; for the sea-breeze is felt 
to be deliciously cool and fresh as it blows in upon 
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the skin during the hot hours of the day; and the 
land wind is no less cool and pleasant at night as it 
comes off towards the sea. It is the cool, and there- 
fore heavy, air which moves in, in each case, although 
it arrives from quite opposite directions. 

In some imiis of the earth, however, the land 
gets so mucli heated up by the rays of the mid- 
summer sun, that no material cooling is effected all 
night ; the breeze then goes on blowing strongly in 
fi*om the sea towards the land both day and night, 
for several days, and even weeks, at a time. This 
esi>ecially occurs, for instance, along the shores of 
the Indian Ocean from April to October. In this 
region of the earth the land lies to the north of the 
equator, as may be seen by a glance at the 
accompanying map of 
the Eastern Hemi- 
sphere of the earth (Fig. 

1 ), whilst to the south 
of the equator there is 
an equally continuous 
stretch of sea. Prom 
April to October, there- 
fore, the land to the 
north of the equator 
gets fiercely heated up 
by the torrid sunshine, 
and a very strong 
wind in consequence 
is brought in from the 
sea. From October to 
April, on the other 
hand, the sun shines 
more intensely over 
the ocean, which is on 
the south side of the 
equator, than over the 
northeni land,wdiich, in its turn then, does part with 
more heat by night tlian it receives during the day. 
The wind, therefore, at this season, blows with 
similar steadiness and 2 )ei’sistence in the opposite 
direction, or from the land to the sea. These 
periodic winds, which are thus changed in their 
directions by the seasons of the year, instead of by 
the mere alternating influence of day and night, 
are called ** monsoons” — a word derived probably 
from the Arabic term inaasaan^ which signifies 
‘‘ season,” Attention was drawn to these i>eriodic 
season-winds of India, in the first instance, during 
the earlier years of human liistory, on account of 
Iheir prevalence along the at that time well- 
occupied Indian and Arabian coasts, and on 
accotmt of the abundant fertilising moisture which 


they carried in to the countries of India during ihe 
hot months of summer. These winds also became 
known to the Greeks at the time of the military 
expeditions of Alexander the Great to India. 

During the prevalence of the greatest heat of 
the Indian summer, the monsoon winds blow with 
great intensity and violence, very much as a 
stronger draught ruslies up the chimney of a room 
when there is a very fierce fire burning in the 
grate. There is also a tendency to the occuirence 
of storms and tempests when the monsoon changes 
the direction of its blowing, on account of the 
disturbance which is then brought about where the 
antagonistic and conflicting air-currents meet. But 
this is a result of the breaking up of the mon- 
soon, as the occurrence 
is called, and may be 
more conveniently al- 
luded to in connection 
with another branch of 
the subject, which will 
deal more particularly 
with the mechanism of 
hurricanes. 

One peculiarity in 
the movements of the 
monsoon is, however, 
deserving of notice here, 
on account of the light 
which it throws upon 
the behaviour of more 
capricious and variable 
winds. The general 
set of the Indian mon- 
soon in the summer 
months is from the sea 
to the land -- that is, 
from the south towards the north; and in the 
winter months, so far as there can be said to be 
any winter in India, the general current is from the 
land to tlie sea — that is, from the north towards the 
south. But as a matter of actual fact, the monsoon 
blows during the Indian summer towards the east 
as well as towards the north ; and in the opposite 
season towards the west, as well as towards the 
south. The monsoon is a south-westerly wind in 
the summer, and a north-easterly wind in the 
winter. This deviation of the air-currents in a 
westerly or easterly course is a natural and 
necessary result of the circumstance that the earth 
is itself continually spinning round from west to 
east as it moves along in space. As the earth 
spins round upon itself, its surface carries along 



Fig. 1.— Map of tlie Eastern Hemisphere. 
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with it, as a mere consequence of frictional adhesion, 
the superincumbent investment of air. Thus, 
whilst the air is flowing from the equator towai’ds 
the north under the influence of the superior 
weight and pressure of the colder atmospheric mass, 
it is at the same time continually carrying with it 
its great equatorial velocity to a part of the earth 
where, the circle of rotation being smaller, the 
velocity of rotation is less. The air thus has a 
tendency, when it reaches the circles of narrower 
dimensions, to overshoot the rotatory progress of 
the terrestrial surface beneath — that is, it goes 
faster in an eastward direction than the ground or 
sea beneath, and to any object attached to that 
ground, or partially immersed in the sea, its east- 
ward preponderance of movement is perceptible as 
well as its northward flow. On the other hand, 
when the wind comes in towards the south from 
the more northern land, it finds the ground or the 
sea moving faster towards the east than its own 
momental impulse is carrying it, and it con- 
sequently lags back in reference to the onward 
movement of the ground, or sea, and thus has an 
apparent westward, as well as an actual southward, 
drift, or flow. 

A glance at the map of the Eastern Hemisphere 
of the earth (Fig, 1) will materially assist the reader 
in understanding this complication of movement. 
It will be observed, on referring to this map, 
that the space between the 60th and 70th 
meridians on the equator is twice as long as it is 
on the 60th parallel of south latitude. If, there- 
fore, a mass of air which was being carried along 
with the earth’s surface towards the west at the 
equator were suddenly transferred to the 60th 
parallel of latitude, taking its equatonal velocity 
of rotatory movement with it, it would overshoot 
the movements of the sea or ground, and get 
20°, or an 18th part of one rotation of the earth, on, 
whilst the surface beneath, whether sea or gi’ound, 
only advanced 10°, or a 36th part of one rotation. 
This is exactly what occurs, although in a very 
much smaller degree, when a northward moving 
wind in the northern hemisphere acquires an east- 
ward set in consequence of the rotation of the 
earth. 

Tte wind thus blows along the surface of the 
ea^h from places where the air-pressure is great to 
places where the pressure is small — that is, from 
places that are cold to places that are warm. But 
it also dio/ngea ih/e diraclion in which it blows fi'om 
time to time, because the positions of gi’eater and 
leas heat are themselves shifted about upon the 


surface of the earth, under the changing conditions 
of sunshine and cloud, and under the irregular 
distribution of water and land, and of mountains 
and plains. On account of the movement of the 
earth, turning as the vast sphere does from day to 
day in front of the sun, with its axis of rotation 
held inclined to the plane of its forward journey, 
in one unvarying direction, the sun blazes down 
upon the terrestrial sphere with greatest intensity 
of heat, now here, and now there, and the wind, as 
a matter of course, changes the direction of its 
blowing to follow the wandering path of the shifting 
and fitful sunshine. 

That the changing of the direction of the wind 
is due to the shifting of the situations of greatest 
heat upon the earth is substantially proved by the 
fact that in certain regions of the terrestrial sur- 
face, where the situations of greatest heat and cold 
do not alter the direction in which they lie to each 
other, the wind does not change, but blows always 
in the same direction from one day to another, and 
all the year round. This occurs in the great oj)en 
spaces of the ocean, where there is no land to get 
heated up by the sunshine of the day, and to get 
cooled by the scattering of the heat at night. In 
those spaces for a vast breadth of many hundred 
miles the sun shines down day after day upon the 
surface of the sea, heating the water most along 
the mid-ocean track which lies most immediately 
beneath its burning rays, as it passes across from 
east to west. This midway tmck of the strongest 
sunshine cix>sses the wide ocean as a belt or zone, 
that spreads some way to either side of the equator. 
Throughout this midway track the cooler and 
heavier air on either hand drifts in from the north 
and from the south, and then rises up, as it becomes 
heated by the sun, where the two currents meet. 
In both instances, however, in consequence of the 
spinning round of the earth, the advancing wind 
acquires a westward as well as an equatorial drift. 
The air-current, as it approaches the midway 
equatorial zone, where the onward movement of 
the sea-covered surface of the earth is performed 
with the vast velocity of a thousand miles an hour, 
does not immediately acquire this full rate of speed, 
and lags back upon the ocean, so that it appears as 
a drift towards the west, as well as towards the 
equator. On the north side of the equator the 
wind blows all the year round from the north-east, 
and on the south side fixm the south-east, both in 
the Atlantic and Pacific Oceans. These steady and 
unchanging ocean winds are called the trade-winds, 
on account of the great service they render to 
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ships canying merchandise across these portions of 
the sea. In sailing from England to the Cape of 
Good Hope, through the entire length of the 
Atlantic Ocean, ships, before they reach the equator, 
have to pass over a broad si>ace, where strong winds 
are always blowing steadily from the north-east. 
That is the region of the north-east trades. They 
then traverse a space near to the equator itself, wlieio 
the north-east wind ceases to blow, and where the 
air is very still and calm, and they afterwards come 
to a region to the south of the equator, where 
strong winds are continually blowing from south- 
east That is the logion of the south-east trades. 

The district of calms which intervenes between 
the north-east and south-east trades is the place 
where the opposite cur- 
rents meet so as to 
neuti*alise each other’s 
movement, and then 
rise bodily up as masses 
of sun-warmed and i*are- 
fied air, into the higher 
regions of the atmo- 
sphere. Tlietmde-winds 
prevail for a breadth 
of nearly three thousand 
miles of the Atlantic 
Ocean, between tlie 
west coast of Africa 
and the east coasts of 
America ; and for a 
breadth of ten thousand 
miles of the Pacific 
Ocean, between the 
west coasts of America 
and the large Asiatic 
islands lying to the 
South of the Chinese Sea (Figs. 1, 2). Between 
these Asiatic islands and the east coast of 
Africa (see Fig. 1, p. 14) there is another stretch 
of sea, which is three thousand miles wide, and 
which is known as the Indian Ocean. But 
this is the part where the monsoons, or periodical 
season-winds, prevail, because the great land-stretch 
of India and Arabia, instead of an o]ien ocean, 
there lies to the north. In that part the north- 
east monsoon of the winter season is, it will be 
observed, in reality the trade-wind as well as the 
monsoon. The summer monsoon only is a reversal 
of the natural current of the trade-wind at the 
time when the land of India and Arabia, and of 
Central Africa, becomes most fiercely scorched by the 
sun. In the winter of India the north-east frade- 


winds are simply increased in force, in the Indian 
Ocean, by the addition to them of the monsoon, or 
season influence, acting in the same direction. 
During the summer of India the north-east trade- 
winds are stopped in the Indian Ocean, and then 
ultimately reversed, by the superior power, at that 
time, of the sun-scorched land to produce an in- 
draught. Prom this steady and unvarying movement 
of the air over the broad open spaces of the equatorial 
oceans, it appears, therefore, that it is not orU]/ the 
differently heating ix)wer of the sun in different 
parts of the earth which produces the blowing of 
the wind ; but that the spinning movement of the 
earth, wdiich never varies and never stops, has also 
to do with it. As the vast terrestrial globe spins 

round in space, all 
bodies that are held 
upon its surface by the 
attraction of the ter- 
restrial mass go round 
with it. But such of 
those bodies as have 
free movementamongst 
their own particles, as 
is the case with air, do 
not travel with it at an 
equal pace, but linger 
behind when they are 
streaming from parts of 
the earth where the 
rotatory velocity is 
small towards parts 
where it is greater ; or, 
on the other hand, 
overshoot the movement 
of the more rigid por- 
tions of the earth when 
they stream from parts where the velocity is great, to 
parts where it is less. The movement of the wind is 
not only from spots where the atmospheric pressure is 
great to parts where it is small, but it is also in 
the direction in which the air is whirled by the 
rapid and never-ceasing gyration of the earth. 
North winds in the Northern Hemisphere, and 
south winds in the Southern Hemisphere, veer more 
and more towaids the west, or into the direction 
which is opi>osite to that in which the solid super- 
ficial mass of the earth itself is advancing, the more 
strongly they blow. This westward impulse is also 
more predominantly marked in the regions of 
greatest equatorial velocity than it is along the 
narrower circles of the spinning earth, and it is 
more readily and frequently interfered with by 
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odier disturUi^ mBuenoes in the r^ons whidh 
axe most remote from the nme of most ta]nd 
txitatoiy movement On account^ therefore, of this 
second^ impulse^ which is referable to rotation, 
diere is more west wind than east upon the sur- 
face of the earth. Over a very lax^ portion of 


Europe, where the observation has been most care- 
fully made, it is found that there are a considerable 
number more of days on which the wind blows from 
the west, or south-west, than of days on which it blows 
from the opposite points of the compass. It has been 
calculated, indeed, that at least one-half of the move- 
ments of the winds may be attributed to the impulse 
which the air receives from terrestrial rotation. 

The trade-wind r^ons of the earth, where the 
wind does not materially change the direction of 
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south, with a calm belt of from ^ to 400 miles 
between. Vessels sailing from north to south thus 
have to pass through 3,000 miles of trade-wind, 
and 350 miles of calm, before they get into parts 
of the ocean where variable winds prevaiL The 
r^ons of the trades shift a little up and down in 
the direction of latitude at different 
seasons of the year, because they 
follow, to some small extent, the shift- 
ing of the position of the vertical noon- 
day sun, which is farther north in 
the summer of the northern hemi- 
sphere of the earth, and farther south 
at the opposite season. This, how- 
ever, and the increased westward set, 
in approaching more nearly to the line 
of high equatorial velocity of rotation, 
are the only traces of vacillation, or 
uncertainty, which these steady and 
unchanging winds exhibit. 

The unceasing whirl of the earth 
as it moves along in its majestic 
sweep through space is thus a cause 
of a steady drift of the air along the 
terrestrial surface, and that drift is 
swayed, now in one and now in 
another direction, by the influence 
unequal atmospheric pressure, which 
tends constantly to throw the air-drift 
from the regions of greatest towards 
r^ons of least density and weight. 
The actual course of the wind is, conse- 
quently, due to the combined influence of the two 
causes. But of these causes the one is itself a shifting 
force, depending on the varying relations of the sun. 
It follows that luminary in its daily march through 
the sky, and in its annual course connected with 
the seasons. It also relates itself to the diversities 
of land and sea, and it hangs upon the vicissitudes 
of sunshine and cloud. The operation of the 
wandering and unstable power consequently tells in 
the frequent reversal, or bending, of the current of 
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Fig. 3.— Showing Morement of Wind towards a Spot where the Atmospheric 
Frassnxe is very low. 


Fig. 4.— Showing Movement of Wind when the Area of P res s ure dianges. 

its blowing, not only extend two-thirds of the way the air at any one plaoe. It is the effective sourae 
round the oiroumferenoe of the globe across the of the «liA.¥igifig of the wind. Thus, if l in the 
vast Ineadths of the great oceans, but they also diagram (Fig. 3) represented a spot upon the earth 
■tretdi,. in each case, 1,500. miles from north to where the pressure of the atmosphere wss very low 
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in of the air haviiig been there greatly 

heated by the son, the movement of the wind from 
all dilutions around would be in towards that 
qNtoe, as indicated by the pointing of the arrows. 
If the spot L of low pressure were, however, drift- 
ing along, and shifting its place, the consequence 
to any one standing still on the ground where 
it passed would be that the cunont of the wind 
would change to him, although it might still be 
blowing on towards the centre of low pressure. 
Thus, if the low pressui*e were at in Fig. 4, the 
movement of the wind to a person standing at 
a would obviously be from £ to w — from east to 
west But when the area of the low pressure had 
drifted on from to l*, the movement of the wind 
to the person standing at a would as manifestly be 
from w to £ — west to east The mere drifting 
along of the region of lowest pressure would thus, 
in effect change the direction of the wind to the 
person stationed at cu 

As a matter of fact the regions of low and high 
atmospheric pressure u{K>n the eaHh never do stand 
still over one place. They are always drifting 
along and changing their position, and carrying the 
air-cun’eiits with them, and about them, as they 
drift. But mow than this. In consequence of the 
air itself being a very elastic and movable gaseous 
substance, and in consequence of the balance never 
being very exactly and evenly sustained where the 
greater and less pressures meet, there is a constant 
tendency of the movement of the air to bend itself 
into cuiwes, and to whirl round into eddies, much 
like the eddies which are formed where antagonistic 
currents of water encounter each other in lapidly 
flowing streama The wind rarely blows along in 
straight lines, and almost always whirls round into 
eddies, and the more fiei*cely the wind blows the 
more strongly marked these great eddies become. 
In the fiei*oest winds, or hurricanes, they constitute 
what are at once recognised as whirlwinds.” 

It is yet again a natmul consequence of the 
spinning roll of the earth that this eddying move- 
ment of the vrinds always inclines to take place in 
the same direction. The air-drift occasioned by the 
earth’s roll in the end preponderates over all im- 
pulses in other directions, or ftom other causes. 
Even the changes of the wind are reached by this 
dominating influenca In the northern hemisphere 
of the earth the change of direction commonly takes 
place from nori^ tlmmgh east and south, to west ; 
and in the southern hemisphere, from north, Hvrwigh 
and south, to east In England an east wind 
almost always follows a north wind, and then passes 


on to a wind from south and ^ivest, and back again 
from north. This regular order in the shifting 
of the wind was firat accurately observed about forty 
years ago, by Professor Dov6, of Berlin, and has 
thence been since associated with the name of that 
meteorologist^ until it has finally come to be spoken 
of as “ Dovi’s law.” The i)eriod which is occupied 
by the wind in passing through this cycle of changes 
is of uncertain length, and often occupies many 
days; but the same series of changes invariably 
begins over again when one cycle has been made 
complete. 

The heavier air setting in towards the region of 
least atmospheric pressure thus whirls round and 
round where the air-currents meet in acenti'al spot. 
But as it is in that spot that the air-weight is least, 
it is there, as a matter of course, that the light air is 
driven up. For a considerable Bi>ace it is pressed 
dh’ectly up towards the clouds, and towards the still 
higher regions above, and it then flows over and 
back, to fill up the space fi*om wliich the heavier 
air below has advanced. That, therefoi’e, is what 
becomes of the air which flows in by its greater 
weight from all directions around. It gets wanner 
and lighter in that central spot, and then ascends 
sti-aight up out of the way of the heavier cold cur- 
rents that are still coming in upon the same track. 

The velocity with which the wind blows mainly 
depends upon the strength with which the warm light 
air is pushed out of the way by the heavy cold air 
pressing in to take its place ; or in other words, it is 
in proportion to the difference of the weight of the 
heavy and light air, and to the distance from each 
other at which the centres of greatest and least pres- 
sure ore situated. Thus, if, in Fig. 5, o represents the 
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4ft Mile* an Hour. 

5.— the Velocity of Wind. 

position of the Orkney Islands, in the North Sea, and 
h that of London, some 500 miles away, and if it be 
conceived that the barometer at o is indicating an at> 
mospheric pressure equivalent to one inch of mercury 
more than that which is shown by the barometer at L, 
then the movement of the wind Iwtween o and l — be- 
tween the Orkneys and London — would be something 
like 45 miles an hour. But if, on the other hand, the 
difference of one inch of pressure occurred between 
Ijondon and Morpeth, in Northumberland, a place 
that is about midway between the Orkneys and 
London, and therefore 250 instead of 500 miles 
from London, the movement of the wind between 
Morpeth and London would be at the higher velo- 
city of 63 miles an hour. To halve the distance at 
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wliidli any given difference of preBSure acts is 
f„ pfjTnAiint to increasing to same definite degree 
the velocity of the movement of the wind. The 
same effect is, however, also produced if, instead of 
the distance oi the sites of high and 
low presmire, the difference of pressure is increased. 
A barometer indicating a pressure of two inches of 
mercury more at the Orkneys than in London 
would almost certainly be accompanied by a wind 
moving between the Orkneys and London with a 
velocity of 63 miles an hour. This is a very im- 
portant fact, and it is the circumstance which has 
led to the adoption amongst meteoiolpgists of the 
term “barometric gradient,” a form of expression 
first used some twenty years ago Mr. Thomas 
Stevenson, the distinguished engineer. 

This designation signifies that the difference of 
pressure between the two remote places may be 
conveniently expressed by a line drawn from the 
one to the other in such a way as to indicate the 
steepness of the slope or gradient, by which the air- 
})ressure increases during an advance from tlie 
one station to the other. Thus in Fig. 6, if the 
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angle a l o expressed the steepness of the gradient 
when the pressure was one inch of mercury more 
at the Orkneys than in London, then the larger 
angle i l o would express the steepness of the gi*a- 
dient when the pressure was two inches of mercury 
more at the Orkneys than in London- Or again, 
if the angle a L o, Fig. 7, expressed the steepness 

1 inch. 1 inch. 


of the gradient when there was one inch of pressure 
more at the Orkneys than in London, iien the 
larger angle c L o would express its steepness 
when the inch difference of pressure occuiTed 
between London and Morpeth, the station only 
half the distance of the Orkneys away. In either 
case, the angle would be twice as large ; or in other 


words, the gradknt would be twice as ste^ in the 
second instance as in the first. The barometric gra- 
dient constructed in this way becomes a veiy useful 
expedient to indicate what the velocity or force ot 
wind is that may be looked for between stations at 
which the diffei^nce of barometric pressure is known. 
The steepness of the gradient, it will be observed, 
takes into consideration both the elements — ^the dis^ 
tauce of the two stations asunder, and the difference 
of atmospheric pressure on the two. The greatest 
velocity of the wind is, however, found really to 
occur about midway between the spots where the 
greatest and least pressures lie. The wind increases 
its velocity as it flows from the place where the air- 
weight is greatest towards the place where it is 
least, until it gets half-way, and it then begins to 
moderate and reduce its speed. Scientific meteoro- 
logists have agreed to consider 60 nautical miles 
as a sort of unit, or standard of distance, when 
barometric gradients have to be sjx>ken of; and 
tliey then express the steepness of the gradient in 
figures, which give the differences of pressure for 
that distance in hundredths of an inch of mei'cury. 
Thus a gradient of 0*06 means simply that there is 
a difference of mercury 

ill the pressure of the atmosphei^e at two places, 
which are 60 nautical or 69 statute miles asunder. 
Whenever such diffei*ence of pt*essure exists at 
stations thus far apart, it is 
tolerably cei^tain that a strong 
bi’eeze is blowing between. A 
strong gale is seldom, if ever, 
experienced over the British Islands, unless the 
difference of barometric pressure at remote stations 
within their range amounts to at least half an inch 
of mercury. 

One practical consequence of the influence of the 
earth’s rotation upon the movement of the wind is 
that whenever an observer stands on the northern 
hemisphere of the earth, with his back to the wind, 
he is almost sure to have a lower atmospheric 
pressure on his left hand than 
on his right The wind, as 
a matter of fact, blows not 
in a straight line fit>m the 
place of greatest atmospheric 
pressure to the place of the least, as it would if its 
course were not modified by the secondary influences 
which have been dwelt upon, but in a curved line, 
sweeping whirlingly round the area of least pres- 
sure in one unvarying direction. This, in its 
simplest form, is the statement of the meteorologioisl 
law which was first established by tiie Dutdk 



Orkneys. 

Fi?. 6.— niostrating the ** Barometric Gradient.' 
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netoorologiit Bajs B«Uoty irbo raddes in Utndit» 
•ad tlMire mporintends the weather obeervations of 
that ^aoe. Thia drcumstanoe, that the areaof low 
p ro e ro re, towards which the wind indines to Uow, 
is to the left hand <d an observer who stands with 
his back to the wind, is now universally known as 
**Buys Ballot’s law,” and it is a veiy important 
oimdition in moteorologioal sdenoe. 

When the wind does not blow with a velocity as 
great as three miles in the hoar, the movmnent of 
the air can scarcely be perceived by a person stand- 
ing in the current, and it is consequently considered 
that the atmosphere is in the state whi^ is charac- 
terised as “ calm.” The wind which is perceived as 
a gentle laeese moves with a speed of from 13 to 
18 miles in tho hour. A wind moving at the rate 
of 35 miles an hour is felt as a strong breese, 
A vdocity of 50 miles an hour constitutes a gale. 


Storm-winds travel at the rate of 76 aules an houi^ 
and fierce hurricanes Uow at the rate of from 90 
to 100 miles in the hour. A wind travdling at 
the rate of 3 miles an hour preases with a force of 
about three-quarters of an ounce upon every square 
foot of soxfrtoe whidi stands in its way. A wind of 
18 miles an hour gives a pwssure of one pound and' 
a quarter on each square foot A wind of 35 milea 
an hour gives a pressure of 6 pounds <m the square 
foot ; a gale of 50 miles an hour of 13 pounds, a 
storm of 76 miles an hour of 28 pounds, and a 
hurricane of 90 miles on hour of something ap- 
proaching to iO pounds on the square foot This 
matter of the pressure which may be mechanically 
exerted by winds high velocity has nec e ss a rily 
to be very carefully taken into account by ardii- 
teots and engineers in planning the strength of 
buildings. 


DREAMS. 

Bt Bobbbt Wiuon, F.R.P.S., 
lot* hetwm m JaiMol njaMogy in tk« Sekooi </ Art$, 


T hough, according to Shakspere, ** we are the 
stuff dreams are made of,” yet we know ex- 
tremely little about the process of their manufac- 
ture. “ The reason why ” lies on the surface. Hie 
phenomena of dreaming — that is to say, all that we 
canfind out about the matter by personal discovery- 
lie for the most part beyond the sphere of oonsdous 
observation. Hence, in studying the subject, we 
have to fall bock on our recollection of what in 
our own experience dreaming was like, how it 
affected us, and what impressions it left behind. 
The professors of mental sdenoe have always 
been reproached because they employed the intro- 
spective method, or tiiat of self-examination, tor 
purposes of investigation, it being alleged that 
one is always apt to fall into dangerous fallades 
when he makes himself or his own nature the 
pbject of critical study. But in the case of dreams 
we are not only in the main obliged to use this 
unsatisfactory mode of research, but we are bur- 
fitened with this additional disadvantage, that we 
are subjecting for self-examination the actions of 
our mind not in tiie waking, but in the sleeping 
stata If it is hard to analyse mmital qierstions 
which are going on whilst we are awsice, it is 
doubly hard to do so efficiently when these take 
^ace during a temporary suspension of conacious- 


nesa This much it is necessary to say, lest oom- 
jdaint be urged that, even after the best-directed 
efforts to peer into the mystery of dreams are made, 
only a scanty show of positive and indubitable 
knowledge can be exhibited. Still, even a little 
knowledge, if it be of the poritive and indulnt- 
able kind, is worth volumes of speculative conjec- 
ture, as may be cogently reasoned out by comparing 
the ancient with the modem doctrine of dreaming. 
The sources of our information, then, about dream- 
ing are introspective memory, and what people who 
are awake can deoi^r of the slumberet's mental 
manifestations. 

Perhaps the best way to define the meaning of 
the dreaming state is to do it negatively. Sleep, 
everybody knows, is not always blank oblivum. 
When it is not, and when the sleeper is more 
or less conscious of a certaia variable and fluctua- 
ting amount of mental activity, of which he has an 
uncertain remembrance, he is in the dreaihing state. 
The chief features of this condition can hardly be 
un^niliar to any thoughtibl or observant person. 
A current of thought rushes throuj^ the deqMc's 
mind, but it does so, as a rule at least, free frmn 
all vduntsry control. The mind runs riot in a mad 
world of phantasy, and, conjuring up sosnsa, imd- 
dents, and persons, groups them into a gtotasqua 
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monie of cbsmatio iaapcobdbilily aad inocdiaeiioe. 
The of the regulatang ii^aence of the vill, 

and of the aworiaiig and eeleotiiig prooewes vhi<^ 

the uaually arnugee ita ideaa into intelligible 
and ratuaud oombinationB, of oourae leavea the 
ii iffy nr at the meroj of mental asaodation and aug- 
geirtfi<«i- Another remarimble peooliaiity of dream- 
ing ia thwt in thia state the mind, though active, 
ia almost completely withdrawn from relation 
to the external worlA In spite of this, how- 
ever, the sleeper perceives thi^ as vividly as, 
uBiudly more vividly than, he would do were he 
awake. In hct, a dream is both a mystery and 
a for in it we may see things which are 

not, and hear sounds whose vibrations never pene- 
trate the cavernous recesses of the ear. Images 
that would be usually producible only by external 
objects are actually created by our minds whilst 
they are lulled in deep, and without these external 
objects being present to evoke them. Sleep has 
iMm called the brother of Death. Working in the 
same vein of &noy, we might say Dreaming was the 
cousin-german of Madness. Insanity, it is true, 
gives rise to hallucinations quite as wild as any that 
course through the dreamer’s brain. But there is just 
this difference between insanity and dreaming — 
that in the former state the mind is not out off 
from the external world, because sleep has not closed 
what the late Dr. George Wilson felicitously called 
« the five gateways of knowledge.” In the dreaming 
state, on the other hand, the mind, as we have seen, 
is shut off almost completely from the external world. 

Another extraordinary peculiarity of dreaming to 
which sdentifio men have directed special attention 
is the solid reality, or, to use the harsh technical 
jargon of psychologists, the “ vivid objectivity ” of 
dream-pictures or images — indeed, ^ese images, 
when remembered, a|q>ear even mote vivid than do 
those produced in our waking moods. The dreamer 
actually sees objects and hears sounds ; in fiust, the 
very commonest term applied to dreams (“ visions ”) 
illustrates this odd peculiarity. Ocular perception, 
the result of impressions made by actual solid mate- 
rial objects, is the most conspicuous phenomenon 
in dreaming. There is thus an unconscious aptness 
in the pr^ular application of the word vision ” to 
designate a dream, which is at least worth noting. 
Rem what has now been advanced, it may be in- 
ferred that it is possible — ^nay, even easy — ^to distin- 
guish between dreaming atrd imagining. We oan 
ooiyure up in fancy the image of an absent friend. 
But if tiiat Mend suddmily enter the room, we find 
we have a very different notion of him from that 


oonveyed to us by our imagirmtive fiaeolfy. The 
dreamer has a deeper imprint made on the tablets 
of consciousness than the mere shadowy impression^ 
left on the mind by an effort ol famy. The dream 
image is, in &ct, not only as vivid as, but, when re- 
membered, more vivid than, that printed on the brain 
by the real material object which it represents, and 
which gives rise to it in the waking or conscious state. 

Who does not from reading know about innumer- 
able instances in whidi the vividiiy of empty 
dream-fancies excelled that whidi would be evolved 
by actual realities t Coleridge, for example, after 
reading the fiunous passage in “Pnrchas's Pilgrims ” 
referring to the building of Khan Kubla’s palace, 
did not see it as a vague, shadowy olgect reflected 
in the dim mirror of the imagination. He actnally 
saw, as a solid object, Kubla Khan’s ** stately 
pleasure dome,” where 

** Alph, the aavred river, tan 
Through osvenu measurdeas to' man, 

Down to a simlen sea.” 

He even saw as a reality — 

« The shadow of the dome of pleasure 
Floated midway on the waves. 

Where was hei^ the mingled measure 
From the fountains and the caves.” 

And he saw it vividly enough to know that — 

** It was a miracle of rare device, 

A sunny pleasure dome with caves of ice.” 

Indeed, of the poet’s dream we have his own curious 
record. The words in “Purchas’s Pilgrims,” — 
Here the Khan Kubla commanded a palace to be 
built^ and a stately garden thereunto ; and thus ten 
miles of fertile ground were enclosed with a wall,” — 
had hardly passed through his mind, when he fell 
asleep and dreamt. He says he “continued for 
about three hours in a deep sleep, at least, of the 
external senses, during which time he has the most 
vivid confidence that he could not have composed 
less than from 200 to 300 lines ; if that, indeed, can 
be caUed oompositiou in which all the images rose 
up before him as things with a parallel production 
of the correspondent expression, without any sen- 
sation or consdous effort.” 

Dr. James Gregory, when he went to bed one 
night with a warm-water bottle to his feet, actually 
felt in his dream the hot crater of Mount Etna 
burning beneath his tread. So, again, Dr. Reid, 
the Scottish metaphyrioian, when he had a blister 
on his head, positively endured all the physical 
torture of beu^ soalp^ whilst dreaming that he 
had fallen into the himds o£ a par^ of Red Indians- 
Months before Buike, the Edinbrn^ murderer, 
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Iras arrested and convicted oi his crimes, unquiet 
dreams had revealed his fate to him. He had in- 
dubitably seen from his scaffold the upturned faces 
of the savage mob gazing fiercely uj^on him as he 
stood under the gibbet Perhai)8 the most striking 
example of dream-iealism on record, is the following 
related by Dr. Abercrombie, of an officer, “ whose 
susceptibility of having his dreams thus conjuind 
before him was so remarkable that his fitiends 
could pixxluce any kind of dream they pleased by 
softly whispering in his ear, esi)6cially if this were 
done by one with whose voice he was familiar. 
His companions were in the constant habit of 
amusing themselves at his expense. On one occa- 
sion they conducted him tltrough the whole progi’eas 
of a quarrel, which ended in a duel ; and when the 
parties were sup|K)sed to meet, a pistol was put into 
his hand, which he fired off in his sleep, and was 
awakened by the report.” Connected with this 
peculiarity of vivid objectivity are the strange freaks 
of exaggeration and expansion with regard to the 
dimensions of Space and Time which the mind per- 
petrates daring the dreaming state. The narcotic 
slumbers of De Quincey were haunted by dreams 
in which he tells us the sense of tpace, and in 
the end, of time, were both powerfully affected. 
Buildings, landscapes, <fec., were exhibited in pro- 
portions so vast as the bodily eye is not fitted to 
receive. Space swelled and was amplified to a 
sense of unutterable infinity. This, however, did 
not disturb me so much as the vast expansion of 
time; I sometimes seemed to have lived for seventy 
or one hundred yeara in one night — ^nay, sometimes 
had feelings representative of a millennium passed 
in that time ; or, however, of a duration far beyond 
the limits of human experience.” 

This faculty of expanding time, so that a moment 
will become a month, or a year, or a decade, is caimble 
of boundless illustration. In a dream which could 
not have extended over an hour. Dr. Macnish says, 
I made a voyage, remained some days at Calcutta, 
returned home, then took ship for Egypt, where I 
visited the cataracts of the Nile, Grand Cairo, and 
the Pyramids ; and to crown the whole, had the 
honour of an interview with Mehemet Ali, Cleo- 
patra, and Alexander the Great.” Ten minutes 
sufficed to enable a friend of Dr. Abercrombie’s to 
cross the Atlantic and spend a fortnight in 
America. Still more wonderful is another case 
cited by Abercrombie, where a gentleman dreamt 
that he had ^ taken the shilling ” as a recruit in a 
marching Foment, that he deserted, was pursued, 
captured, tried by a tedious process of court-martial. 


condemned to be shot, and led forth for executiiin; 
Hie usual preparations were made. A gun was fired, 
and its report roused him from his troubled sleep, 
whereupon he found that a noise in the next room 
had not only awakened him, but had actually given 
rise to the whole dream. Such cases indicate tbat 
in tlie dreaming state thought courses through the 
brain with such lightning-like velocity that not a 
few critical persons have affected to believe that 
fancy and not fact is the parent of these observa- 
tions. Yet, if De Quincey’s veracity be impeach- 
able, we cannot doubt the truthfulness of Dr. Mac- 
nish, who recounts his own experience ; and if the 
evidence of Dr. Abercrombie’s unnamed friends be 
but second-hand or hearsay testimony, surely we 
cannot disbelieve the following statement of such 
a 8hi*ewd, unimaginatiye, common-sense, observant, 
and eminently truthful man as the late Lord 
Holland. Sir Benjamin Brodie says that on one 
occasion when his lordship was much fatigued 
while listening to a friend who was I'eading aloud, 
he fell asleep and had a dream, the particulars of 
which it would have occupied him a quarter of an 
hour or longer to express in writing. After he 
woke he found that he remembered the beginning 
of one sentence while he actually heard the latter 
part of the sentence immediately following it^ so 
that probably the whole time during which he had 
slept did not occupy more than a few seconds” 

The extent to which dieaming affects conscious- 
ness of identity is a matter of dispute. Many 
hold that a dreamer never loses the consciousness 
of personal or moiul identity — ^ia other words, that 
the dreamer never dreams he is somebody else or 
fancies he commits acts the shocking iniquity of 
which would make him shudder in his waking 
moments. This belief is flatly contradicted by 
others, with whose experience and observations 
those of the writer are certainly in accord. No 
man, it is said, ever dreamt he was a woman ; and 
Sir William Lawrence once told Fanny Kemble 
that no woman ever dreamt she was younger than 
she really was. It may be admitted that no case is 
known where a dreamer has lost the consciousness of 
sexual identity ; that, however, is surely a veiy dif- 
ferent thing frum losing the idea of })erBonal identity, 
and it is not at all inconsistent with the fact that 
men have dreamt they were other men, and women 
that they were other womea Sir William Law- 
rence’s observations must be regarded as mere 
badinage^ for nothing is commoner than for women 
as well as men to dream that they are children 
again; or for both men and women, when they 
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ibream thal they tie other people, to dream that 
tboBO whose identity they assume are either older 
or younger than themselvea Ah regards his own 
personality, we may say the dreamer may be either a 
passive si>ectator in the scene which is painted by his 
dream-fancy, or he may be an actor personally in it, 
or he may dream that though he is an actor in the 
visionary drama, yet he is not himself, but somebody 
else altogether. Stranger still, the dreamer may have 
a vague consciousness that he is dreaming, and con- 
struct a dream within a dream. It would be but an 
imperfect account of the phenomena of dreaming that 
made no reference to those visions of prophecy and 
reminiscence which bulk so largely in the literature 
of the subject They, however, throw little light on 
the true theory of dreams, because beyond the 
oddity of the results there is nothing extraordinary 
in the fact that duiing sleep, whilst all the other 
faculties are torpid, one — that of memory — should 
be unusually active, or that out of the thousands 
of dream-combinations some few by mere coinci- 
dence tally with the sequence of actual facts and 
events, past, present, or future. It seems natural 
enough that the man whose whole soul is wrapped 
up in money-getting should now and then dream 
of lucky ventures and si)eculative enterprises 
“of great pith and moment** The love -sick 
may natumlly be expected to dream of the 
objects of their devotion, and the wronged of 
the wrong-doer on whom they hope to wreak 
their revenge. 

It is much more interesting to glance at another 
matter regarding wliich there has been much 
discussion — to wit, tlie alleged continuity of the 
dreaming and waking stata It was Emmanuel 
Kant , who said that when we ceased to dream 
we ceased to live; and from the time of Des- 
cartes to that of the late Sir William Hamilton, 
it has been a favourite doctrine of metaphysi- 
cians that the human mind, as a matter of 
fact, never sleeps ; that during sleep it is always 
working ; that it is ever dreaming, though it is not 
always capable of recalling its dreams when roused 
from slumber. In so far as this doctrine is matter 
of argument, it must be admitted that the Car- 
tesians fairly hold their own with their sceptical 
critics, who, like Locke, are apt to deride the notion 
that a sleeping man can think that which when 
awake and in full command of his faculties he 
cannot remember. It is just to remind the fol- 
lowers of Locke that people who during sleep 
present all the appearance of dreaming — tossing, 
laughing, and even talking — are, as a matter of 


fact, imable when they awake to recall their dreams 
or reproduce their thoughta On the other hand, 
it is simply impossible to prove that the sleeper is 
always thinking and dreaming. It is nonsense to 
say that life depends on cerebral activity, for we 
know that in the prolonged trance of fasting 
women there is not a trace of mental action to be 
seen; and yet life has not fled from the sleeper’s 
body in such cases any more than it has vanished 
when animals hibernate. Again, the safe and 
positive evidence of experiment is opposed to the 
Cartesian doctrina Just as it has been possible to 
subject the brain of the sleeper to actual obseiva^ 
tion, BO is it possible to see what changes occur in 
it when dream-fancies sweep and surge over the 
plain of suspended consciousness. When a portion 
of the skull has been removed by the well-known 
operation of trepanning, the surgeon can see what 
takes place in the brain-substance that he has been 
obliged to exposa In such a case, when sleep is 
dreamless, the brain is pale, shrunken, and blood- 
less; but when distm*bed by dreams, the oi’gan 
swells in volume, protrudes from the opening in 
the skull, and its pallor disapi>ears as it is over- 
spread by a rosy blusL From these well-attested 
facts what may we infer ) It is clear that when- 
ever the sleeper dreams, his brain, from being 
shiiinken and bloodless, becomes enlarged, and its 
vessels charged with blood. This same increase of 
size and congestion ai*e always noticeable when 
there are signs of dreaming present, no matter 
whether the sleeper recollects or does not recollect 
the dream. In a word, without saying that the 
enlargement and congestion of the brain are the 
causes of dreaming, we may say that these changes 
are the invariable external signs of brain-dreaming. 
But the brain of the sleeper is not always congested 
or enlarged — as it would be if dreams were always 
coursing threugh it — and this, we take it, is about 
as conclusive an argument against the Cartesian 
and Hamiltonian theories as can well be demanded. 
We are forced then to conclude that the bloodless 
state of the slumbering brain is an indication of 
dreamless sleep, and that there is no absolute 
continuity between the condition of conscious 
thinking and that in which dreams hover over the 
mind like fleeting cloud-shadows on the ridge of a 
softly-rounded chaJk-down. We may therefore 
sleep BO soundly as to cease thinking without 
ceasing to live. We are not all Manfreds, doomed 
to wander restlessly in gloomy Gothic corridors 
soliloquising on the horrors of a haunted couch, 
and exclaiming — 
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<> ily damben, if I dnmber, are not deep, 

But a oondiuiaiice of enduring thoa|^ 

Which then I can reaiat not. In my heart 
There is a vigil ; and these eyes 
But dose to look within." 

Wliat has now been said with regard to the relax 
tion of dreaming to sleep helps tu by a natural step 
to a oorrect theoiy of dreams. Obsonration of facts 
is certainly in favour of the physiological as opposed 
to the metajdiysical theory of dreaming. It is not 
possible to assert that dreams are the outcome of 
certain mental faculties wholly imlependent of bodily 
functionii, and not affected by the sleep which sus- 
pends the activity of these fimctions. The observa- 
tions made on the brains of patients who have been 
trepanned indicate that dreaming is not independent 
of bodily function, and that, if it be not absolutely 
dependent on it, it is at least never dissevered from 
it. Thm» seems to be between dreaming, and the 
condition of the blood-circulation in the bruin during 
sleep, an indissoluble connection. The phenomena 
of mental or spiritual life may not be effects or off- 
shoots of mere physical or bo^y acts or functions. 
But the two are so linked together that the bodily 
functions, at least, appear to furnish the oonditioru 
that make the mental phenomena possible. It would 
be a waste of words to argue that the congestion of 
the sleeper’s brain causes the dream, or that tire 
dream causes the coirgestioa of the sleeper’s brain. 
What we may say is that the two facts are so linked 
that the brain-action appears to set forth tire essen- 
tial conditiotrs under which dreaming is posdble, 
What are we to say of tire origin of dreams t 
Where and how are their materials elaborated! 
What determines the order of their combinatioir, 
and how are we to account for tire extraordinary 
vividness of dream-fancies 1 Mr. Sully, one of the 
most thoughtful of modem writers on dreams, very 
satisfoctorily divides “ the exciting causes of dream- 
images” into (1) peripheral, and (2) central stimu- 
lations. In other words, sensatioirs which arise in 
the surfiace or superficial parts of the body, and 
excitirrg vibrations or movements that take place 
in tire central portioits of the nervous systenr, fur- 
nish the mind or brain with dream-materials. A 
good illustration of a dream which derived its mate- 
rials from a peripheral source of stimulation is that 
which Dr. Gr^iy records, in which, when he had 
a hot-water bottie applied to his feet, he dreamt he 
was wolkirtg <m the scorching lava of Mount Stira. 
No doubt, as the pressure on and the temperature 
of the sutfime of the sleeper's body are otmstantiy 
varying, the different sensations so oocaaioiied afford 


anabundant variety of periidierBl stimuli for dresma. 
The muscular movements of the body during sleep, 
the differmt positions of comfort and discomfort into 
which the body is thrown, doubtless help to give rise 
to the dreams of athleticism — dreams of which phy- 
sical activity is the leading trait, and in which tto 
sleeper has visiotu of marvellous feats of strerrgtik 
In the same way variations in the ocmdition 
of the different organs of the body — ^the stomach, 
heart, lungs, livm*, teeth, and the like — supply the 
materials of many other dream?, such as those 
visions of luscious banquets that disturb the slum- 
bers of the starveling, or visioirs of the bloodshed 
of battle which make miserable the restless nights 
of people about to suffer fi'om hemorrhage of the 
stomach or lungs. As to the central stimuli of 
dreams, it is not easy to describe them. That 
certain movements or actions in the core of the 
nervous system itself must excite dreams is more 
than probable, because perceptions that have been 
print^ on the brain, or in the mind, one week, may 
produce as after-effects, and quite independently of 
external causes, all sorts of strange visions a month 
or two afterwards. Begarding the manner in which 
dream-images order themselves, it is extremely plain 
that in some dreams they do not order themselves 
r^ularly at all, whilst otW dreams are marked by a 
most siigular amount of coherence. The cause of dis- 
order in dreams is easily understood. In such visions 
the materials are being poured in ujwn the brain from 
a great number of different sources, and by a great 
number of different stimuli, external and internal, 
at once. The regulating power of the will is in 
abeyance. The circulation in those brain-tracts, 
whose activity furnishes the condition of volitional 
action, is too feeble to enable the mind to exercise 
any control over the rapid and heterogeneous flux 
of dream-materials in which it is submerged, and 
the result is a vision deliriously incoherent. 

But how are we to explain the occurrence of 
dreams that are not disorderly and chaotic ! There 
is no doubt that all attempts hitherto made in this 
direction are, more or less, of a fantastic nature. 
Perhaps the utmost we can say is, that in some 
cases accident so orders it that no incoherent 
sequence of images is poured upon the mind by 
the external or internal stimuli of dreams ; whilst 
in others, although the flow of images is chaotic, yet 
the mind has retained enough power to arrange 
them into, or impose upon them, rational form and 
symmetry. Let us assume, for example, that sleep 
is not deep enough to neutralise the action tk 
tiiat portion of tiie brain in which tiie physical 
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coDiditicnsfi at' tlie faculty of association manifest 
themselvea Let us suppose that the nerre-oentres 
which control the circulation of the blood in the 
brain, so far from shutting off the flow of blood 
from this tract of the organ,^ let it run pretty freely, 
what might we not reasonably expect to happen 1 
The sleeper, when one dream-image was found in 
his mind, would, of course, in virtue of the active 
associative faculty, be able to link it to a series of 
others, with which, or with the like of which, in 
waking mood, he would be in the habit of seeing 
it combined. Thus would a series of dream-fancies be 
evolved which would be neither incoherent in their 
mutual relations, nor wildly disarranged in their 
sequence and procession. Mr. Sully has ingeniously 
suggested that the coherence of dreams may also be 
accounted for by the activity of the mind ** under 
the influence not of the will, but of certain vague 
emotional impulses.” Of these, he considers the 
chief one the feeling for unity, and the instinct of 
emotional harmony.” It is, however, hard to under- 
stand how this theory can be described save as a 
restatement in new phraseology of the old doctrine 
that sometimes in sleep and in dreaming the mind’s 
power of voluntary control over its processes or its 
ideas is not altogether in abeyanca When the 
dreamer endeavours by a selective action to fix in 
the fiow of dream -fancies only those that are 
capable of coherently combining with each other, it 
is difficult to understand how he is able to give 
effect to his feeling for unity,” without some more 
or less vigoi-ous act of volition. 

The desire for emotional harmony may very likely 
force the dreamer in many cases to order his di^eam 
in accordance with it. But then again, it is not 
easy to believe that in such a case the coherence of 
the vision is not after all due to a pretty distinct act 
of volition. Otherwise, how is the sleej^er able to 
reject all ideas tliat are in conflict with the prevail- 


ing tone of emotion — ^be it j^easmsable or.painfol — 
which the presentment of the first dream-image in 
the series has raised in the mind 1 With regard to 
the strange and intense vividness of dream-images, 
it is certainly remarkable that they should seem 
even more solidly real than the impressions made 
on us by the waking state. M« Taine, and other 
writers who have theorised on this matter, do 
little more than reproduce the old view of 
Hartley, which is full of good sense. He 
pointed out that in sleep we are withdrawn to a 
great extent from the influence of the external 
world, and there is no other reality than that of 
the dream present to oppose or interfere with the 
vividness of the ideas which crowd on our minds in 
dreamland. Experiment, however, |x>ints to another 
explanation, or, to speak more correctly, it puts 
the old one in a new light The intensity of the 
stimuli which are the excitants of dreams bears 
no relation to the intensity of the impression they 
produce on a sleeper’s mind. That this impression 
is always, or usually, monstrously exaggerated, is 
proved ¥y M. Maury’s experiments. He produces 
some external irritation or stimulus in a sleeper, 
and then wakens him at once, so that there is no 
time for the dream, which is thus provoked, to slip 
from memory. In this way he found that if the 
lips of the sleeper were gently tickled, he fancied in 
his dream that he was being tortured, and that pitch- 
plasters were being pasted on his face, and rudely tom 
off again; indeed, innumerable instances of a similar 
sort might be cited. From these it is inferred that 
during sleep the brain is unusually excitable, and 
that it accordingly exaggerates impressions con- 
veyed to it from the external world. This physio- 
logical paradox helps us to understand why dream- 
images are even more vivid than those that are formed 
during our waking movements, and so far it serves 
a more useful purpose than most paradoxes. 


WHY THE SEA IS SALT. 

By W. a. Lloyd, 

Formerly of the Farit, Hamburg, Weetmineter, Birmingham, and Crystal Falace Aquaria, etc. 


B efore me are two creatures — a gold-fish in a 
gla^ bowl of water, and a canary-bird in a wire 
cage of air. I do not select these because they 
afford examples of the manner in which strongly- 
marked variations of forms and colouring of animals 
are caused by domestication and inter-crossing, but 
62 


because these two forms of life constitute a pair of 
yellow pets the most frequently to be seen in our 
homes. The bird-cage represents the most ordinary 
shape of a rmarium^ which is a name for any re- 
ceptacle for any living animal, and the fish-bowl 
is the most often seen thing which we term an 
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or a^iua-vimnwnf if we wish to ado{»t 
Br. Edwin La^ester’s more precise term. Re- 
verting to the bird and the fish, I have to explain 
that their two primary requisites are food and 
water. The /oodf which must be organic in its 
nature — ^that is to say, must be either animal or 
vegetable food, or both — ^is requisite to repair 
waste, which is always going on while life exists ; 
and the water is equally needful to maintain the 
fluid part of the body, which in every creature 
forms the largest proportion of it. This fluid is 
always passing away in some form or other, and it 
18 required to be as continually re-supplied, both to 
animals and plants. Consequently, its universality 
is extraordinary — as much so as its indestrtictibtlity. 
If we put into a strong and dry glass vessel, 
previously exhausted of its atmospheric air, one 
measure of oxygen and two of hydrogen, and by 
an interior electric spark set fire to these gases, 
they combine by explosion, and a fiash of light is 
seen, while the interior of the vessel is covered with 
a fine dew, which is water, occupying only about 
Y^th part of the volume of the mixed gases. This 
proves that water is nothing else but these two 
gases chemically combined, and not mechanically 
mixed ; and as the same water can be again sepa- 
rated into these gases, mechanically miooedy and not 
chemically combined^ nothing more is needed to 
show that the composition of water is as I have 
named. As to its absolute universality, proofs are 
so abundant that it is very hard to select them. 
Here is one out of many examples. I hold before 
a fire, on a fork, a piece of bread, to convert it 
into ‘‘ toast.” The first thing seen is a momentary 
cloud of vapour rising from the bread. This is 
the tvater it contained, which the heat of the fire 
converted into steam (or, more properly, in^'^isible 
steam partly condensed into visible water), and it is 
very different from the other cloud which in a 
few minutes following will rise from the bread 
when it begins to char or bum at its surface. Again, 
take so common a thing as a wooden lucifer match, 
weighing exactly 2*94 grains. Another one might 
have weighed a little more or less, but that is of no 
consequence fbr my purpose. I put this headless 
match in a small bottle of hard, thin, clear German 
glass (Kg. 1), which, with its stopper, both being 
clean, diy, and polished, inside and out, together 
weigh 130*99 grains. I insert the stopper, and I 
expose the match inside to the flame of a reading- 
lamp, holding it horizontally above the chimney, 
and passing it quickly to and fro, so as not to 
crack the glass, though it is prepared specially to 


withstand heat After the lapse of thiirty secmids, 
I perceive a narrow patch of cloudiness along the 
cool upper inside of the bottle, and on examining this 
strip with a magnifying-glass I 
find the strip of dinmess to con- 
sist of an aggregation of minute 
drops of water, which the 
warmth has driven from the 
match, as the fire had driven 
it from the bread, and which, 
instead of escaping into the 
air, was confined in the bottle, 
and which I can now weigh. 

In doing so it is found, on 
quickly dropping out the 
match, and replacing the 
stopper, that the bottle now 
weighs 131*03 grains, being a 
gain of 0*04 grain, in conse- 
quence of the access of water 
clinging to its sides and evapo- 
rated from the match ; while 
the match, on weighing it, is 
found to be 0*04 grains lighter 
— namely, 2*9 grains instead 
of 2*94 grains. Dry the bottle 
carefully again, and it will be 
seen that it has regained its 
normal weight. Now, take a 
long piece of paper the area of 
a halfpenny stamp, and cut minute portions off 
its comers till its weight is made precisely half a 
grain. Let this be placed in the bottle (Fig. 1), 
and heated as was the match, and in a few seconds 
we see a tiny cloud inside the glass. On removing 
the bit of paper and replacing the stopper, we 
find there is, on weighing, a gain of O’Ol grain 
to the bottle, and a loss of O'Ol to the paper. 
In a few hours, however, on leaving the bottle 
open, and the match and paper exposed, the bottle 
has lost weight, as the water has evaporated from 
it, and the match and paper have gained weight, 
having absorbed moisture from the air. But 
how do I know otherwise that moisture is in 
the airl Nothing seems less like it on this hot, 
biasing summer ^y on which I write, with the 
temperature at 65” Fahr. in the shade, all local 
disturbances tending to mark a higher or a lower 
heat being carefully eliminated, and the heat being 
76“ Fahr. even in my cool room. The white road 
before me seems baked with the intense blaze, while 
the nearly black asphalte foot-pavement is by it 
made so soft that passers’ heels leave deep dents ; 
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aad ike leavesof trees^ and herbage generally, every- 
where, are thickly covered with greyish-white dust. 
Add to this, that the suburb of London where I 
live is remarkable for its want of water. We have 
neither river, nor brook, nor pond anywhere near 
us, and a tiny rain-supplied spring which wells 
up in a field opposite us is one of the wonders 
of our village. Yet, there is water everywhere, 
even in the parched air of this noon of a mid- 
summer day. This can be shown in an in- 
stant. I get an ounce or two of ice, and I 
break a portion of it in small bits, and put it 
inside the bottle (Fig. 1). See— in a moment the 
outside of the bottle is bedewed with moisture, a 
magnifying-glass revealing numerous minute and 
closely-packed beads of water, just the same as 
those beads which in a former experiment we saw 
inside the bottle. The water cannot, of course, 
have come through the glass of the bottle. It 
came from the air. That is to say, the cold inside 
the bottle was lower than the temperature outside 
it, and hence the moisture in the air in contact 
with the exterior of the glass was so reduced in its 
temperature, that it could no longer retain its in- 
visible gaseous state, and it became condensed as 
visible water by the cold, as the fiend was made 
unwillingly visible by the touch of the spear of 
Milton^s IthurieL After awhile, when the ice melts, 
and its resulting water has assumed the temperature 
of the surrounding air, the outside of the bottle 
becomes dry, matters being thus brought to a 
balance. Thus, water is eveiywhere contained in 
whatever can take it up. 

Its absolute indestructibility is a great marvel. 
Not a drop of water out of the enormous quantity 
of that which is in the heavens above, in the earth 
beneath, and in the waters under the earth,” has 
ever been lost or destroyed in any way, nor can it 
be so lost. That which was in the great ocean last 
week or month — ^perhaps in the Antipodes, perhaps 
in the Atlantic, possibly below the surface of the 
calm and i^ldom disturbed and intensely salt Dead 
Sea of Palestine, may be now, to-day, bubbling up in 
the tiny spring I have named in our Lower Norwood 
field, on the other side of our railway. Next year 
it may possibly iorm part of the steam whidi is 
pufied from the funnel of the locomotive engine on 
t^.t very railway. Or it may be employed as a 
means of washing into the river Thames the emana- 
tions of the millions of human and other animals 
which London contains, and in finally carrying them 
into the great recipient of them all — ^the ocean. 
Then afterwards, or l^ore then, it may be drank 


ly human or other creatures as dear water, or as 
the basis of any of the many beverages with which 
thirst is quenched. Or it may circulate through 
our bodies, or the bodies of animals, as the basis 
of blood, or through the circulatory systems 
of vegetation in the trees and herbage around us. 
But it is never destroyed, and never has its con- 
stituents changed in proportion, ncr matter how 
varied its form may be, as in ice, or actual water, 
or visible or invisible vapour, or mixed with any 
other substance whatever. It may come in contact 
with fire, and may thus become changed into its 
constituent gases ; but it is again reformed — again^ 
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and again, and again — endlessly. In Fig. 2 isr 
shown the actual size of a small bottle used con- 
tinually by the writer in his work. Tt is made 
so as to contain 500 grains’ weight, which is a 
little more than one ounce, or two cubic inches, 
of the purest water obtainable The weight of 
the bottle itself, dry and empty, is about 240 
grains, though that is of no great consequence ^ 
but when this weight is counterpoised in an 
assay-balance, then it is found to be exact to the 
y^th part of one grain, there being 7,000 grains to 
one pound. The bottle must be quite full inside, 
and quite dry outside, and the minute hole seen 
running along and through the stopper serves as 
a kind of safety aperture, enabling the bottle to 
be completely filled without bursting. This aper- 
ture serves also to allow me to show the largest 
amount of water I have found in a lucifer match , 
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ia an ordmaxy condition, and fit for use on a wet 
day^— •namely, ^th of a grain, ^which happens to 
be by accident as much as the hole will contain, 
which is the ^ contents of the 

bottle itself One-tenth of the hole full of water, 
therefore, is what a halfpenny stamp without its 
gum usually contains of water. In other words, 
6,000 lucifers, or 60,000 halfpenny stamps, may 
contain as much water as this bottle holds. When 
I allude to pure water, I write of what one very 
seldom sees — ^namely, a compound of oxygen and 
hydrogen, and nothing whatever ^Ise. If I take 
some of the water from the little cool bubbling 
spring over the way, and weigh the bottle full, 
I find it somewhat heavier than 500 grains. 
And if we take some from the turbid small hole 
into which it runs, at the bottom of the field, 
near the edges of which all the urchins of our 
village play, and into which they cast much filth, 
we find it still heavier, as it contains in solution, 
both seen and unseen, various matters besides 
water, all moi'e heavy lhan it, and in the case of 
some of them adding to its weight without pro- 
portionably adding to its bulk. So we take some 
of this impure and heavy water, and place it in a 
glass retort, to the bulb of which heat is applied, 
letting it boil, or rather simmer, gently, when steam 
slowly emerges from the tube of the retort, and 
this is converted into water, which falls, drop by 
drop, into a suitable receiver. We then weigh 
this water, which has been condensed from steam, 
and find it very nearly pure, because of the small 
power which the impurities had in rising as vapoui* 
and passing off with the steam. If we distil the 
same water twice over, we shall find that the bottle 
c^own (Fig. 2, full) weighs very nearly 500 grains, 
or a trifle over — say about the y^th of a grain. 
As a matter of &ct, however, the purest water 
the writer has ever been able to obtain at the 
third distillation was -j^ths of a grain in 10,000 
grains, which is not quite a grain and a half in 
one gallon weighing 101b., or 140 bottles full as 
Fig. 2 ; and a single drop of such water evaporated 
on glass has always left a visible residual film.^ 

To make more strikingly apparent how bodies 
may have the same weights, but yet occupy very 
dififerent spaces, I have here drawn a diagram (Fig. 
3) showing five fluids and three solids with an ac- 
curacy which is as near as can be attained on so 

^Br. Arch. Gcikie (‘^Thysioal Geography Primer,” p. 88) 
if eertfialy in error in saying that spring water leaves no such 
film. Koi mmly does spring water, and that least impure 
natural water, hoar-frost, or frozen dew, leave a film, but 
even distilled water dees sa 


small a scale, but which, if not absolutely correct^ 
is yet sufficiently so to express the relative densities 
of each substance : — 

1. Ptjire Water , — For convenience, this is con- 
sidered as 1, or 1,000, and is everywhere accepted 



as the standard by which all other bodies are 
weighed and measured, both those which are lighter, 
and those which are heavier, than it. 

2. British SeorWater, — Specific gravity, 1020 to 
1027. 

3. Dead Sea Water, — Spec, grav., 1180 to 1200. 

4. Strong Sulphuric Acid , — Specific gravity, 1800 
to 2000 (the heaviest fluid known, not being a 
melted metal). 

5. Etl ^, — Specific gravity, 0720 to 0*800 (the 
lightest fluid known, not being a gas). 

6. Lithium. — A metal : specific gravity, 0*593 
(the lightest solid known). It will float even on 
No. 5. Such substances as cork and pith are not 
really solids. They owe their lightness to being 
much permeated with air, mechanically. 

7. Platirmn, — A metal: 21066 to 22069 (the 
heaviest substance known, except, perhaps, ham- 
mered iridium). 
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8. Mean density, of the ^tire earth we live on, 
{}*662. 

So we see clearly that water is a solvent of many 
things. Also that iican be evaporated, when it either 
passes off into the air visibly or invisibly, as steam 
does as it issues from the spout of a kettle ; or the 
steam may be arrested and re-converted into water. 
Now, of the whole extent of our -earth’s surface, 
about thrice as much more of it is covered by 
water than is covered by land. And on some part 
of this watery surface of enormous extent, the hot 
sun is always shining, and ever causing vapour to 
rise from this water, both from seas, lakes, rivers, 
and wherever else in either solids or liquids, in which 
it occurs, just as we caused it to rise in vapour 
from wood, paper, and anything else containing it, 
in my bottle (Fig. 1), and as it is made to rise in a 
retort, and to be deposited again as water in each 
of those instances, by contact with something colder 
than that vapour. Wateiy vapour rises even from 
ice, at far below the freezing-point of 32° F. But, 
all, or nearly all, of the solids which the water 
may contain are left behind, and these do not 
rise up into the air. Therefore the sun may be 
regarded as an enormous pump of vast power, 
wUch every moment is lifting into the air millions 
of billions of tons* weight of water. It is very 
difficult, thus, to express in figures the amount of 
all the waters which we know to exist and flow 
everywhere. And our earth — the huge globe on 
which we live — is by its attraction always drawing 
down this water towards itself by the force of 
gravitation, or by that mysterious power which 
causes smaller bodies to be drawn towards larger 
ones; and what we call “weight** meaning the 
measure of the amount of that force. The earth is 
pulling down all things towards its centre, and the 
force which measures that pull is termed ponderosity^ 
or tveighty and the nearer the matter being pulled is 
to the earth’s centre, the stronger is the force which 
pulls it. Thus, the bottle which contains 600 grains’ 
weight of water at the earth’s surface would con- 
tain nearly 14 times that weight in the same bulk 
if it were at the bottom of a hole 400 miles deep. 
In other words, at that distance from the earth’s 
surface, water would weigh the same as the metal 
mercury weighs at its surface. Water, too, is 
constantly engaged in a mechanical denudation 
of whatever it runs over, the wearing -away 
power depending on the speed of its flow, or the 
strength of its striking force. This, therefore, is 
the process — the sun’s warmth converts water 
into an aqueous vapour, which is lighter than 


atmospheric air, and whicffi aooordingly rises in that 
air and mingles so intimately with it. This is why 
the bottle (Fig. 2) is inscribed with the tempera- 
ture of its correct weight — 60° Fahr. — as, if tlie 
water it contains were higher than that, it would be 
lighter than 500 grains, and the fluid would occupy 
a larger space. The first thing, therefore, which 
water does on becoming warmed, is to increase in 
bulk, and this increase goes on till it becomes 
vapour. And when it is cooled it becomes smaller 
and smaller in bulk and heavier in proportion, 
until, just before it is cooled down to freezing-point, 
it again becomes lighter. Hence, ice floats in water, 
which is a wise provision, as, if it sank, and fi^sh 
increments of ice formed over what was submerged, 
the quantity of ice formed in winter would be too 
great for any summer’s sun to melt it. It seems 
to me, therefore, that my little bottle (Fig. 1) is an 
excellent and original illustration, on a minute 
scale, of the operations of nature, as showing how 
heat causes water to rise invisibly, and then how 
cold causes it to be deposited and to fall down 
upon earth again, as water, in the form of 
rain, snow, hail, dew, or sleet. We did not, in 
our small experiment with the match and piece 
of paper (Fig. 1), get enough water to fall, as we 
could have done by seveial repetitions of the trial, 
and therefore the slight dimness we obtained inside 
the bottle formed a further and apt illustration of 
clouds in the sky when they are masses of visible 
vapour not specifically heavy enough to fall. 

I have already mentioned the solvent character 
of water, or its i)Ower of taking up and dissolving 
out, more or less, whatever is soluble in whatever 
it flows over, or runs through — this chemical result 
being aided, of course, by the mechanical erosion 
which accompanies its flow; and this summer I 
have been so fortunate as to procure samples oi’ 
water from various distant places, showing this 
strikingly, and I have displayed these results in a 
tabulated form. There are five columns, of which 
A is the one giving the number of the twenty kinds 
or groups of water ; b refers to their denominations ; 
c presents the actual quantity of dissolved matter 
in grains and fractions of grains in the bottle 
(Fig. 2) ; D expresses the specific weight of the 
several waters in com[)arison with ideal pure water, 
which is always regarded as 1,000 (whether grains, 
pounds, tons, or what not) ; all other substances, 
solid or fluid, being calculated according to this uni- 
versal standard. Thus, if Fig. 2 contains 600 grains’ 
weight of pure water, it would contain about 900 
grains’ weight of strong sulphuric acid, which is the 
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beaviest non-metallic fluid known. Or a solid piooe 
of the metal platinum, exactlj fitting its interior, 
would weigh over 11,000 grains; while a similar 
piece of the metal aluminium would weigh only 
1,250 grains. This specific lightness of aluminium 
is a fortunate thing for me, because in making out 
the following table, I have had to use weights so 
small that some can only be seen with a magnifying- 
glass, and if they were made of any other metal 
than aluminium I should hardly be able to see and 
handle them at all. I have to explain that in 
weighing these several waters, I have not, once for 
all, used a 1,000-grain bottle, because so great a 
weight as that would be neaily (with the counter- 
}K>ise) three ounces in each pan, and that would be 
an injurious load for my very sensitive balanca 
Hence I double c to get D. £ expi^esses in grains* 
weight the quantity of invisibly dissolved solids 
each kind of water contains in one gallon weighing 
101b. or 70,000 grains. Hence : — 

“A pint of pure water 
Weighs a pound and a quarter.’* 

Hence, also, one pound weight is 7,000 grains. 
The quantities in e are got by deducting from c 
the number 600, that representing the pure water 
contained in Fig. 2, and then multiplying the 
residue by 140, as one gallon is exactly 140 times 
600 grains. Column F shows the amount of abso- 
lutely pure water in one gallon of all waters found 
everywhere, and the actual weight of a gallon of 
any of the waters I have here set down can be seen 
by adding e and f together : — 


A 


C D 

£ 

F 

1 

Pure water (Monoxide of Hy- 




2 

drotfen) ^ 500* i 1000* 

Distilled water (third evaporo- ; i 


70000* 


tion) 

600*01 ' 1000*02 

1*4 


8 

Melted hoar-frost (frozen dew) 

soo-oe looo M 

2*8 


4 

Loch Katrine water (Scotland) 

500t)3 1000*06 

4*2 


5 EiTerAlwyn Woles) < 

500*09 1000*18 

12*6 


6 

Varions weU-waters hi and 





around London 

500*14 1000*26 

19*6 


7 

Thames water— mixed London 

! 




samples 

500*17 1000*34 

238 


8 

Seine water— mixed Paris do. i 500*15 i 1000*3 1 

21* 


S 

Jordan .. .A 

1 




samples . . f Feeders of ; 500*05 : 1000*1 

7* 


10 

Ain Wadi Zerka C 19 and 20. 

500*00 1000*18 

12*6 


11 

Ain Jerabah ) 

soo-oe 1000-16 

11*2 


12 

BslUc Sea water— weakest . . 

502*95 • 1005*9 

413*3 


13 

„ „ medium . . 

504*19 1006*38 

586*6 

ft 

14 

„ „ strongest . 

505*63 1011*26 

788*2 

*’ 

15 

British M weakest . , 

510*25 , 1020*5 

1485* 


18 

„ strongest 

518*88 1027*76 

1948*2 


17 

Mediterranean Saa 

i 




water weakest . . 

512-61 1 1025-22 

1765*4 


18 ; Heditenaneui Sea 





water strongest . 

516*48 ; 1032*86 

2300*2 


19 

Deed Sea water— weokest . . 

528*16 1 1056*32 

i 3982*4 


20 

M M strongest . 

818*28 1 1226*56 

15859*2 

1 

ft 


* Mr. Wanklyn gives the specific gravity of the Atlantic 
Ocean— what part is not stated— so high as 1C88', but there is 
probably an error here. 


I have never been able to get as madias 500 grauuT 
weight of No. 1, and even with the expensive appsr 
ratus necessary to do so, 1 could not handle and 
weigh it in any manner not implying contact with 
air, so that it may remain pure. Absolutely pure 
water must be prepared in a vacuum, and it must 
never have had any contact whatever with air of 
any kind. Such water would be instantly &.tal to 
any animal, as a fish, breathing it, simply because 
it contains no oxygen in solution which the animal 
can use to aSrate its blood in its gilla It contains 
only oxygen in combination, and that the fish 
cannot separate and usp. The result in No. 2 I 
should not have expected had I not obtained 
it by actual trial. I evaporated a gallon of 
distilled water twice, and the third time I allowed 
the water thus distilled to fall, drop by drop, into 
a small polished platinum capsule kept hot by a 
Bunsen burner, and at the end of the process tho 
capsule weighed 81*08 grains, compared to 79*68 
grains at the commencement, when it was chemic- 
ally clean, inside and out, showing a gain of 1*4 
grains. It was also a very tedious thing to collect 
as much as 500 grains of No. 3, which is the piir^ 
water known in nature. No. 4 comes next It is 
very pure, because it flows over granite, on which 
it has but small action. But even this water ia 
sometimes less clear and pure than at other times, 
as in the Tivves of August 16, 1878, Dr. Mills 
reports that it then recently contained “muddy 
particles, with some flakes.** No. 5 I have selected 
because it is from the little river by the side of which 
I used to mind cattle when a lad ; and while some- 
times there was never more water than would cover a 
cow half-way up her legs, in the precise spot to which 
I allude, yet sometimes, after heavy rain, this tiny 
stream would be converted into a mighty roaring 
brown torrent, carrying all before it, both soluble 
and insoluble. No. 6 explains itself, and of course 
its matters in solution are obtained by dissolving 
them out of the soil through which it flowa Nos. 
7 and 8 are examples of waters taken when the 
Thames and Seine were at their least best and 
cleanest. Nos. 9, 10, and 11, are exceedingly inter- 
esting as being currents which feed 19 and 20. I 
was very fortunate in getting these five, as well as 
five other examples in my list, all in one week. The 
very low marine specific gravity of 12, 13, and 14, 
is caused by the shits of the Baltic Sea (whidi, 
indeed, is but a large estuaiy) being washed away 
from it by the great rivers running in and out of 
its north end, and which sweep out, so to speaks 
its saline parts. So too, with the Black, and 
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CtaipMf ud Aral Seaai all being only brackish. 
Nob. 16 and 16 are very variable in their salinity. 
It is scarcely possible to find two examples from 
ihe same q)ot on two successive days, or even 
kours, without marking some difference in weight 
in them, caused by the influx of fresh water and 
tidal movements. In several places, especially in 
marshy districts near the sea-side, as near the 
mouths of the Thames and Medway, I have often 
4 seen both marine and fresh-water animals living to- 
gether in the same water, and I have so kept them 
in aquaria at a density of only 1005*to 1012*. Nos. 
17 and 18 are remarkable. The Mediterranean Sea 
is, as its name implies, a land-inclosed sea ; almost 
. 80 , that is, but having a small means of connection 
with other seas at the Straits of Gibraltar. This 
accounts for its high density, because its evapora- 
tion is great on account of the considerable heat^of 
its climate and its inability to become more diluted 
by mixing with other seas. Nos. 19 and 20 are 
yet more remarkable. The Dead Sea of Palestine — 
so called partly from the sluggishness of its water, it 
being so heavy that wind can get but small hold 
•of it — has its level 1,200 feet below the level of the 
Mediterranean, and therefore it has no outlet and 
no known exchange of water with any other sea. 
Then it is exposed to a burning sun, and its evajx)- 
ration is correspondingly large. Added to this, the 
feeders of this sea contain much salt or substances 
in solution. No. 9, for example, has in it between 
three and four times as much as Nos. 3 and 4 have, 
while 10 and 11, also flowing into 19 and 20, have 
still more. Therefore, all circumstances combine to 
•cause this very remarkable sea to be intensely salt 
•and acrid. Precisely the same causes, acting in 
exactly the same manner, are the reasons why other 
very salt masses of water in nature are so. There 
is the Great Salt Lake at Utah, for example, which 
is salt to the point of saturation, when it cannot 
dissolve anything more, as the Dead Sea appears 
incapable of doing. It would be curious to know 
whether No. 19, representing the Dead Sea, where 
the water is much diluted by the entering Jordan, 
•contains fish and other * animals, such as live in 
other seas containing as much as or lesd dissolved 
eolids than it does. Experiment may help in such 
a matter, and accordingly I have prepared some 
Dead Sea water — ^that is, I have compounded it 
according to analysis, and have arranged a small 
aquarium with it, and I await results for pub- 
lication. Up to now, I have never been able to 
mix any freA water with any sea-water, in any 
proportions, giving densities varying, in twenty 


experiments, from 1003* to 1200*, without obtaining 
results both as to animal and vegetable character- 
istics, which demonstrate that the characters of 
the creatures and the plants largely depend on the 
amount of solids which the various admixtures 
contain. We see this in oceans, and rivers, and 
streams, as we see it in aquaria, large or small. 
Hence, to my mind, all books which divide their 
subject of aquaria into fresh-water aquaria and 
marine aquaria, seem unphilosophical, because one 
gradually merges into the other, in addition to 
both being governed by the same general physical 
and chemical laws. 

Yet, if we look at each end of the whole great 
series of chains of fresh and sea waters on the 
face of the globe, and do not so much regard the 
more central connecting-links of the chain, we see 
that the general characters, of the animals es- 
pecially, are largely influenced by the greater or 
less amount of dissolved solids in the water. Ke- 
garding only our British seas, for example, we 
have but one crustacean of any considerable size 
or crayfish) in fresh water — and it is not 
very common, certainly not very large, and certainly 
local — to represent the vast number of great 
lobsters and crabs, (Src., in the sea. Tliis is what 
might have been expected from the difference in 
the water, as containing or not the materials for 
building the great and thick, heavy shells possessed 
by such creatures. Nor do we find in fresh water any 
shell-fish (mollusks) with such heavy and strong 
shells as oysters, and others, both bivalves and uni- 
valves, inhabiting searwater. Those in fresh water 
are thin, light, and homy. In fresh water also 
there is an entire absence of the group of animals 
termed EtJiinoderiruUa (sea-urchins, star-fishes, &c.), 
many of which secrete hard cases. 

Thus we see that the saltness of the sea has 
been caused by the washings-out of the land, and 
chiefly by the disintegrated and always disinte- 
grating salts of the rocks of the land. Not 
only are they constantly being worn away by 
mechanical abrasion against each other, and by 
the passing over them of forcible currents, but 
cold and heat greatly assist in their breaking up, 
and in having dissolved out of them as much as 
can be removed. I have mentioned that when 
water freezes, it expands and becomes lighter 
in a state of ice than when in the condition of 
water. This is of great value in making the 
sea salt Supposing a porous stone containing 
much soluble matter gets saturated with water ; if 
that water is frozen in the pores of the stone, the 
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expansion of the water in becoming converted into 
ioe rends it asunder with enormous foroe, into 
small fragments, thus very greatly exposing its 
dissolving surfaces to the action of the water, and 
thereby hastening its solution. We see this action 
constantly in our houses in winter, by the bursting 
of pipes by frost Earth, too, when moistened by 
&lling rain, and ihen freezing, expands tliat soil, 
and makes it more porous and less compact, and so 
quickens the dissolving power of future rainfalls to 
remove from it all it can on its way to the sea, and 
there to deposit finally whatever it has gained. 
Even our little village spring is aiding in this work 
of conveying solubles to the ocean, as it has gathered 
matter even during its short travel underground 
from the top of the hill beyond, of which it is the 
visible drain. ’ Then it sinks into the earth over a 
wide space, and when it again re-appears it will be 
found with yet more solubles in it. And when 
frost is not breaking up stones in winter, heat 
is doing so, in a less degree, in summer. Before 
me is a large porous stone, which in 1870 was 
wrought smooth by a mason. Ever since, sea- 
water has been allowed to enter it in such manner 
that it evaporates at its surface and leaves it dry. 
And the crystallisation of evaporation has acted in 
the same manner as the crystallisation of freezing, 
for the block of stone is at its surface deeply honey- 
combed and eroded, and is crumbling to powder, 
it having lost 25 per cent, of its weight in only 
eiglit years. 

And so the world goes on. At the beginning of 
it — when it *‘was without form, and void, and 
darkness was upon the face of the deep” — ^that 
deep could not have been salt water, nor yet fluid 
water at all, though it was primarily the same water 
of 70,000 grains to the gallon that now exists. 
It was only when light was created, in the shape of 
the sun, the great source of all light, life, and heat, 
that water became converted into watery from ice. 
Then, on its assumption of fluidity, its jiresent 
motion began, and it commenced by the power of 
the sun’s heat to rise in the air as vapour to 
descend on the earth, and to gradually increase in 
saltness as it descended seawards. Without the 
sun and light there could have been no life either 
of plants or animals ; but as soon as that light 
shone on the earth, motion, and life, and the salt- 
ness of the ocean, commenced simultaneously, and 
have been going on ever since. 

If we had any means of ascertaining the amount 
of i^luble matters contained in the silver streak ” 
of sea between the Ck)ntment of Europe and Dover 


when Csesar crossed it, nearly two thousand ymn 
ago, to conquer England, we should find it con- 
tained lefts ihan when William the Norman crossed 
it for the same purpose a thousand years later, and 





Fig. 4,— Hydrometer. (One-fhird actual Size), 


that at the time of the Norman Conquest it was 
less salt than it is now ; not much less, however, 
because a period of one or two thousand years is a 
very small space of time in the world’s history. 
And so it progresses. Nothing stands still 
nothing is repeated — 

** Nature brings not back the Mastodon, 

Nor those times.” 

What WES something yesterday is another thing 
to-day, and will be some other thing to-morrow. 
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i^oostant motion means continuous denudation, and 
that means incessant change, and that signifies 
never^nding evolution. Nothing is isolated, but 
everything is inter-dependent in such a wonderful 
manner that it is not possible for anything to hap- 
pen to one thing unless it affects some other thing, 
no matter what their apparent remoteness may be,^ 

Tlae mode I have described of ascertaining the 
density of sea and other water by weighing it, is, 
though very accurate, a process requiring much 
expenditure of time and money. Therefore a more 
usual, but rougher, mode of doing so, is by an 
hydrometer. One is shown in Fig. 4 ; it consists 
of two hollow glass balls united by a short neck. 
The lower and smaller ball is loaded with mercury, 
so that the stem surmounting the larger and upper 
one shall sink to a certain point marked on it. 
Then, on the water in the glass jar in which the 
instrument is floated being made more or less 
dense, or increasingly or decreasingly salt, the stem 
will be immersed or not in a certain proportion 
marked in degrees upon it The regulation or de- 
gree of salinity is thus marked by the amount of 
the displacement of water made by the stem. The 
hydrometer hei*e shown is made to show densities 
from 1*020 to 1*030 at 60° Fahr. 

Another and cheaper mode of showing density of 
sea-water in aquaria is shown in Fig. 6, wliich is an 
engraving, full size, of the instrument I have used 
for many years. It is called a Specific Gravity 
Bubble or Bead, and consists of a small hollow glass 
ball, having a solid terminal shank, so arranged 
that the mass of glass and the air it contains 
shall be precisely equal in weight and volume 
to a mass of fluid which it displaces. It is ex- 
tremely sensitive, almost too much so in unaccus- 

* The late Profeesor Forchammer, of Copenhagen, was one of 
our greatest authorities on oceanic chemistry. In accounting for 
the fact that while the chief component of sea-salts is chloride 
of sodium, the main ingredient of river-water is carbonate of 
lime, yet he still accounts for the salts in the ocean being the 
gradual accumulations of those brought into it from rivers, by 
thus summing up “ The quantity of the different elements 
in sea-water is not proportionate to the quantity of elements 
which river-water pours into the sea, but inversely to the 
facility with which the elements in sea-water are made insolu- 
ble by glacial-chemical, or organo-chemical actions j[n the sea ; 
and we may infer that the chemical composition of the water 
of the ocean in great part is owing to the influence general 
and organo-chemicol decomposition has upon it, whatever may 
have been the composition of the primitive ocean.” Forcham- 
mer discussed this subject at the 1844 meeting of the British 
Association, and he and others have shown how molluscs, 
corals, hydirozoa (sea-firs), echinodermata (star-fishes, sea- slugs, 
and sea-urchins), and other carbonate of lime secreting animals 
deprive sea-water of carbonate of lime, and decompose sulphate 
of lime. Silica, abundant in river-water, is taken up by 
> diatoms, &o., hence it is scanty in sea- water. 
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tomed hands, because the amount of force whidi 
causes it to sink to the bottom, or remain floating 
at the surface, of such a mass of water as is here 
represented, is extremely small, amounting pro. 
bably to not more, if it could be measured, than 
the millionth of a grain weight for each inch of 
movement. The one I’e- 
presented is shown lialf- 
way down the water, 
there remaining station- 
ary. The extreme deli- 
cacy of this little and 
cheap contrivance is 
such, that in the one 
shown, the increase of 
density caused by the 
height of so short a 
column of fluid as two 
inches, hinders the ball 
from sinking, while the 
lesser density of the 
upper half of the column, 
caused hf the absence of 
pressure, hinders it fi*om 
rising. In using it, the 
water should be corked 
in the tube for some 
hours before trial, that 
air-bubbles may escape, 
and that evaporation may 
be hindered. I have used 
this instrument as a 
means of illustrating 
quickly how the sea has 
become salt by evapora- 
tion, and I find the ball 
rises even after the most 
careful attention to tem- 
perature, when evapora- 
tion is compensated for 
by the addition of the 
purest water I can pre- 
pare, wnicn, however, is lu Tube, (victual nize ) 
never pure, and hence a 

small amount of solids gets introduced. I have 
also used it to show the minute increase of tem- 
perature which takes place in the motion of 
water. The drawback to such a bulb is that it 
can be regulated for one degree of density only ; 
in the present one, this is 1 *030 at 60° Fahrenheit 
exactly. The smallest difference of temperature 
affects it in a very marked manner, as no ordinary 
thermometer will indicate. The one shown weighs 
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82*36 gniiiB, and tharrfore the twijmi of irater the 
i{Mee of whuA it oocujnee, v^hs abo 92-35 grains, 
-while the dimensions of each must of course be 
predady equal The same law would govern, what- 


ever the nae and weight may be. Galileo ia said 
to have made the first suoh density-ball of a mass 
of wax, into whidr he pressed morsels of metal-till 
the right weight was obtained. 


THE ANATOMY OE A LOBSTER. 

By Da. Andrew Wilson, F.ILS.E. 


is one of the most important features of natural 
science that a large proportion of the objects 
with which it i^rof esses to make us acquainted may 
be obtained from the surroundings of ordinaiy life. 
The botanist, for example, is everywhere surrounded 
by the objects of his study. “ The meanest weed 
that blows ” may present to his mind problems of 
the deepest import, and may serv'e to convey truths 
of nature of the most valuable kind. The despised 
worm or caterpillar, and the, in popular language, 
nasty ” frog or toad, serve, in turn, to teach the 
zoologist very many important facts concerning 
animal life at large, and demonstrate anew the 
saying that science has power to raise new worlds 
for thought from the objects that lie around our 
footsteps in such unheeded profusion. A very 
common animal has, in the present instance, been 
selected as the subject of a few lessons on the 
structure of the group Crustacea,” The common 
lobster is, perhaps, as familiar a denizen of the sea 
around our coasts, as exists. It is a being equally 
&miliar to us in the fishmonger’s shop, and, 
perhaps, most familiar to the generality of civilised 
mankind in the particular aspect which causes it 
to figure as an important element in salads” and 
like culinary combinations. But if the animal 
may thus be shown to minister to the luxury 
and maintenance of man’s body, its history is no 
less surely fraught with nutriment to the mind 
zoologically inclined. And even to persons of by 
no means pronounced natural history tastes, there 
may be much in the philosophy of a lobster to 
edify and instruct. In the search for such 
elements of edification we may, therefore, begin 
a brief study of this familiar animal 

That there are various kinds of lobsters is a fact 
which a glance at a fishmonger’s window serves 
amply to substantiate. There is thus the common 
lobster to begin with — ^the H<ma/ru8 tyulgaria of the 
zoologist (Fig. 2). A second species, common enough 
in London, is the spiny lobster or sea cray-fish 
iP(dmwui vulg€m$\ differing from the common 


lobster in the brownish-red colour, in the rough 
and spiny nature of the shell, in its usually 
larger size, and zoologically, in several important 
structural features, which need not be specially 
alluded to at present (Fig. 8). The common lobster 
being, however, the more accessible animal of the 
two, we shall select it as our type, although it may 
be remarked that much of our description of the 
lobster will apply to the sea cray-fish also — ^the two 
animals being related very much as first cousins 
are amongst ourselves. A live lobster is, com- 
paratively speaking, an active animal. He may be 
seen to crawl somewhat majestically over the rock- 
work of his tank in an aquarium, and possesses 
the singular habit, when irritated in any way — 
and occasionally as a natural mode of exercise — 
of suddenly careering backwards in the water, by 
sharp contraction of the broad tail-fin he possessea 
Viewed at rest, the long feelers wave backwards 
and forwards in the water, and certain of the mouth 
organs — of which the lobster possesses a formidable 
array — are seen to keep up a constant movement, 
which, we shall afterwards note, is intended to 
renew the water required for the gills ” in the 
act of breathing. 

Suppose that we examine now the outward 
features of the lobster. The animal is encased, cap- 
drpicj in a shelly armour, the shell being merely 
the skin hardened by the growth therein of lime. 
Curiously enough, the animal, along with its near 
neighbour the crab, periodically contrives to get rid 
of this armour, and slips out of the shell as deftly aa 
a mediaeval knight laid aside his accoutrements. For 
a time the skin remains soft and unprotected ; the 
animal, from motives of self-interest, retiring into 
the obscurity of private life, until such time as the 
blood-vessels of the skin shall have brought their 
quota of limy matter, from which the skin will again 
construct a new suit of shell-armour. The occur- 
rence of this process of moulting ” in the lobster 
becomes additionally interesting when we learn 
its physiological utility. The marked growth of 
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as 


the mf be said to be efifooted at the periods 

when th^ riiell is abed and renewed. The increase 
of a body encased in an unyielding armour is simply 
impossible; hence the laws of periodical growth 
provide for the moulting of the shell, and for the 
formation of a new armour adapted to the en- 
largement of the body. It is an interesting fact, 
that in conformity with the law that growth is 
greatest, in youth, we find the lobster to oast its 
shell more frequently in its early youth than in its 
later years, llius, during its first and second years 
of life, the lobster sheds its armour six times, the 
third year four times, and only thrice in the fourth 
year (Fig. 1). 

As everybody knows, when the animal is boiled 
the dark blue and mottled colour of the shell gives 


place to a bright red, a hue which more than one 
non-zoological artist has unwittingly reproduced on 
canvas as the natural tint of the lobster. The 
alteration of colour in the boiled shell is due to 
chemical changes, the exact nature of which need 
not be discussed here.* 

The lobster’s body to ordinary observation 
appears to consist of a solid “ head ” and a jointed 
“ tail” The question of “ heads or tails " in the 
present instance requires, however, a little discussion 
for its satisfactory solution. The lobster must 
possess a “body,” and it may be shown that the 
so-called “ head ” includes both head and chest, so 
thht we find the animal to resemble an insect some- 

* Some one hae called the lobeten the “ oaidinala of the 
*ea bnt they are not oardinale until boiled. Yet inBaphael’i 
famous pioture of the miraonloui draught of fishes, all the 
lobsters — albeit there are none in the Sea of Galilee — are 
Minted red. ^le artist apparently only knew them in their 
oolinaty a^ot 


what, in that it possesses a Aeod, cAesf, and ahdomm 
— ^the latter behig the jointed “tail” of popular 
observatiou. It may be somewhat instructive at 
the present stage of our proceedings to institute a 
cursory comparison of the lobster and crab. These 
animala present veiy obvious points of resemblance 
even to a casual observer, and if examined in their 
young state would be found to present still doser 
resemblances. In the days of its infancy and youth 
the crab possesses a jointed tail (as described in the 
article “Some Anim al Histories,” VoL L, pp. 77-8). 
Wherein consists the chief difference between the 
adults) The reply is. That the tail of the crab 
dwindles away by a process of natural decline, and 
becomes the little “ purse ” or appendage seen on 
the lower surface of the crab’s body. Thus, prac- 
tically, the crab is all >ead and 
chest, whilst the lobster exhibits 
a more normal state of matters, 
in that it possesses head, chest, 
and tail fully developed. 

The appendages of our lobster’s 
I body are not merely numerous, 

J but they are also paired. Every 
; joint of the animal’s body has » 

I pair of appendages of one kind 
or another, but it is somewhat 
marvellous to find that despite 
the utter unlikeness of the appen- 
dages in some regions, they are 
modelled in an exactly similar 
■ plan in all. Sudi a lesson — 
namely, that of the essential like- 
ness of the joints and appendages 
of the lobster’s body — is one of the most import- 
ant which we may learn from a dissection of 
the lobster. Take your lobster in hand, that 
you may see for yourself the facts to be noted, 
and coimt the joints of the abdomen, or, as we 
may call it, the “tail.” Beginning fiM/ behind 
the “ head,” we can count at least six joints in the 
tail, the last joint differing from the others in 
possessing the broadened appendages which form 
the tail-fin. The statement that there are six joints 
in the head, and eight in the chest of the lobster, 
must be taken on trust, inasmuch as at present 
their disposition cannot be conveniently studied. 
But it may be wril to remember that there are in 
all twenty joints in the animal’s body ; fourteen 
being comprised in the united head and chest, and 
six in the tail. Thus, to begin with, there could 
be little or no difiGiculiy in referring the lobster to 
the great group of Artumlate or jointed animals ; 



Fig. 1.— Toang Lobfien at ilie Period of their Third Monlt, (Sie Timas l^otiiral Sits.) 
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a&d litis anmiiote or ringed o(mditi<m is seen to 
be equally well represented u such sTtimals as 
centipedes, insects, spiders, Ac. So that it would 
be a peifeotlj warrantable and correct inference to 
assume that these animals were related to the 
lobsters and crabs, at least in the general corre- 
spondence of thrir outward structure. 

The most complicated series of objects in art or 


examined in its place, the structure of this jomi 
may be satu&otorily made out, but a littie care in 
separating it from its neighbours by oarefnlfy 
detaching it at either extremiiy will perhaps 
presmt it still more favourably for examinationi. 

This third joint of the tail — counting firom before 
backwards — consists of a body and appendayes. 
The body and appendages form part of the very 



Fig. 2.— Taa CoxKov LoBSTia (Homarui vulfari*). 


uniform set of joints that compose the taU ; so that 
a knowledge of this one joint will serve as a guide 
to the structure of all the segments of the tail 
Observe the arched upper surface of the joint you 
have separated. This is the tergum (Fig. 3, A t} 
Next look at the somewhat flattened lower piec& 
This is called the sternum («), because it exists, so 
to speak, in the place of the breastbone of higher 
animals. Then, lastly, observe the sides of the 
joint, which are mere continuations downwards of 
the tergum, and serve when the joints are placed 
together to form the side walls of the tail. These 
side pieces form the plewra {pH) of the joint, and 
possess smooth sur&ces in front for easy movement 
with the pleura. Somnchforthe"body”ofthejoint. 

The appendages are seen to be paired, and pne 
appendage exactly resembles the other. First of 
all, look at the single joint, or piece of the 
appendage {pt), which springs from the body. This 
is called the protopodite. Attached to this proto- 
podite are two o^er pieces. One of these, the 
outer, is called the exooodite (ex), and the other (the 


nature may be clearly undm'stood if the common 
type or plan on which the objects have been con- 
structed is ajqneciated. The joints of the lobster’s 
body present us with such a series, and it behoves 


A 



US firstly to gain a plain idea of the type on which 
they are built up. Such a type we may find most 
deariy and simj^y presented to us, in one— say the 
third— of the jmnts ci the tail Even when 
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truiftT one) tiie miopodiitt (en). The two appendages 
each joint (each made up of protopodUe, endop<h 
dite, and tampodUe) are popularl 7 named swimmerets 
(Pig. S). lliey do not assist the animal much, or at 
all, in swimming, the chief use of these appendages 
iming seen in the case of the female lobsters, in 
which cany and support the great masses of 
when the animals are “in berry," as the fisher- 
men say by way of denoting the breeding-season. 
Now, begin the comparison of the other joints 
with the typical “joint” you 
have just examined. Begin 
with the sixth or last joint 
of the tail (Fig. 4, No. 6). 
Atfirstsightthisjointseems 
to be very difierent from 
the third. But after a little 
examinationof this terminal 
joint you retulily discover 
that its appendages {proto- 
podite, ondapodite^ and exo- 
jMKftfo)aremerely broadened 
out to form the tail-fin ; the 
centre-piece of this fin being 
formed by the Udton (t), a 
little fiattened body, I'esem- 
bling a joint without ap- 
pendages, butregarded most 
correctly as being merely 
an outgrowth of the upper 
part of the sixth joint. The 
telson is not a joint, but 
corresponds in nature to the 
rostrum, or “beak” (r) seen 
protruding in front of the 
lobster’s head. Proceeding 
forwards, we find the fifth 
and fourth joints of the tail 

*0 resemble the third in 

all essential featurea The 

Bearment-tho three forming/ i i 

bles the third, save in 
that its endopodites possess each a little addi- 
tional process (Pig. 3, c a). The appendages of the 
first joint of the tail of the male lobster are homy, 
spoon-like processes (Fig. 3, b); whilst in the female 
the appendages of the first joint are simple, flexible, 
and undivided. The result of our examination of the 
lobster’s tail has thus tended to show us, firstly, that 
its tail consists of six joints, with a terminal appen- 
dage called tiie telson, which forms the centre of 
^ tail-fin. Secondly, that the joints, despite a few 
modifications in their appendages, are essentially 



S . 4.— Parti of Lobatcr’a 
1, separated, and viewed 
mtn Above. 

(r) Rostnmi ; (ea) Osrapace : (i-S) 
Segments of Abdomen: (ex) 


Bunilar in tonai and structure. This is anotu^ 
way of saying tliat the joints of the lobster’s tail 
are homologoiis.* 

But what may be said regarding the joints 
of which the fore part of the lobster’s body— head 
and chest— is composed? There would be some 
difficulty in demonstrating the fact of the corre- 
spondence of these front segments with the tail, 
owing to the closely united nature of these head 
and chest joints. But, laying aside the difficulties 
which would beset the examination and dissection 
of the segments themselves, one way remains 
whereby the correspondence of these ^nt joints 
with the tail-segments may be shown. This method 
is that of comparing the appendages of these head 
and chest joints with those of the type-pattern seen 
in the tail. If the foremost joints have been 

made to oi*der,” so to speak, on one plan already 
seen in the tail, we should be able to trace some 
degree of likeness in the free appendages, even 
although the joints are massed together. 

B^inning our examination at the back of the 
chest, f6r the reason that we shall be the better 
able to detect variations in the appendages as we go 
forwards, we firstly note that the sides of the one 
great shield (or earapaeSy Fig, 4, c a) which covers 
the head and chest, are formed simply of the united 
pleura (or side-pieces) of the difierent segments 
which comprise it On the top of the carapace 
and about midway in its length, we see a pro- 
minent cross-groove. This groove marks the line 
of juncture between the lobster’s bead and its chest 

We have now to examine the appendages of the 
. chest, f i*om behind forwards, and we have to account 
for eight pairs, seeing that there are eight joints at 
the chest. The appendages should be separated, pair 
by pair, from the dead lobster, and laid on a sheet 
of white paper in their due order to facilitate compari- 
son. The first pair of appendages (those of the last 
joint of the chest, or fourteenth joint of the body) 
appear as a pair of walking limbs (Fig. 5, m). The leg 
is formed simply of a long endapodiiSy its first joint 
or base being the protopodite ; the exopodite, which 
you expected to fihid (remembering the type-joint of 
the tail), having disappeared. The question, “ How 
is this knowledge arrived at?” may naturally 
enough rise to the lips of the student, who is not 
entitled to take such a statement on trust. The 
answer to the query bears, that where the corre- 
spondence of a series of organs in an animal is not 
apparent (through the modification of certain parts) 
in the full grown state, the likeness may be traced 

* See ** The Oouiiiiship of Animali,” Vol. L, pp. 928*387* 
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in tiie yomlg condition. What was the state of 
this last pair of legs in the young lobster? Each 
limb consisted, like the appendages of the tail, of a 
protopodite, exopodite, and endopodite. But the 
process of modification soon set in. The endopo- 
dite ” remained to 
constitute the 
^legj” the "pro- 
topodite” formed 
its first joint, 
whilst the useless 
" exopodite ” dis- 
appeared. The 
same may be said 
of the history of 
the thirteenth, 
twelfth, eleventh, 
and tenth pair of 
legs. If these lat- 
ter legs be care- 
fully dissected out 
from the body, 
they will each be 
found to bear a 
curious leaf - like 
process (Fig. 5, 

L ep)f not seen in 
the last pair of 
legs or in the tail 
segments, and 
named the epipo- 
dite. Whilst cer- 
tain of the gills (^), 
to be afterwanls 
described, may be 
seen to be attached 
to the bases of the 
first three pairs of 
walking-!^, the 
use of the epipo- 
dites being to ex- 
tend upwards, soas 
toseparate thegills 
from one another. 

The three first pairs of walking-legs also difier 
from the two hindermost pairs in being provided 
with "nippers” at their extremities, the "nippers” 
being very large in the foremost pair of legs. 

We have thus seen that the walking-limbs of the 
five hindmost chest-joints are simply modified ap- 
pendages resembling those of the abdomem The 
three front joints of the chest — ^the seventh, eighth, 
and ninth of the body — ^bear curious organs, named 


(A) Byes borne on Stalks; (b) Labmm; (o) Metastoma;^ (n) Antennules 
^ " tneFlrst Pairof Maxlll®; 


(F) A Mandible ; (o) One of tl 

^ — - "he First Pair of Pool 


tennae, , 

Maxiils ; (i). Oneof the 
Third Fair ta Poo^j•wB : (l) One ot the Third Pair ol 
One at the filndmoit (llnh) Pair of Walklnv-llmba ol 
dopoditea; (ig E^po^te; Protopodite; <p) GUI; 


fooPjaws. In these latter organs, we see mrtremefy 
well exemplified the transiticm from a walking-hmb 
to a jaw. The hindmost footrjaw (k), that of the 
ninth segment of the body, is like a walking-limb. It 
has a long endopodite (en), but, in addition, develops 
E ft small exopodite 

-C («a?) not seen in the 

legs, and has at- 
tached to it a gill 
and an epipodite. 
The foot-jaw (j) in 
front of this, or 
that belonging to 
the eighth joint ot 
the body, is less 
like a limb, its 
endopodite having 
become shorter and 
^thicker than that 
of the preceding 
foot-jaw. And the 
third foot-jaw (i).. 
that of tlie seventh 
joint (or first joint 
of the chest), re- 
sembles a jawmore 
closely than a limb, 
and hasitsprotopo- 
dite quite jaw-like, 
its exopodite (ea?), 
endopodite (en), 
and epipodite (ep) 
being well de- 
veloped. No doubt 
can therefore exist 
that theeight pairs 
of appendages of 
the lobrter's chest 
are modelled on 
an exactly similar 
type to those of the 

>tj&wsrrj) One of ’the ;'And' (i) one of tte 4.^ *1 

*mrd Petr of Walking-legi of the FmiaXeuu) tail. 

Iking-Umbi ol the Mile ; [ex) Exopodite ; (en) BA- rm « ^ i 

ITT- head, amal- 

gamated with the 
chest, presents six joints for examination, and neces* 
sarily six pairs of appendages. Begin with the hind- 
most appendages of the head, as before. We shall 
find that the modifications which these oigims iin- 
deigo, fit them as jaws for the masticatian of food, or 
as organs of sense; the lobster’s jaws and smise- 
organs thus corresponding in position, although not 
in natnre, to the similar organs of higher animaU 
In the young state, the resonblanoe between jawa^ 



Fig. 5.— Appendages of one Side of Lobster’e Head and Chest, from Before 
BaoInrardB. 


.^uuu.irc , (B) One of the An- 
(H) One of the Second Pair of 
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l^g8| and swimmerets is very close ; and 
hence you are prepared to find the same type of 
appendage prevailing in the jaws and other head 
paks, as in the swimmerets. The sixth or last 
joint of the head bears, in its appendages, a pair of 
jaws named maoMoi (h), and the fifth joint pos- 
sesses a pair of like organs (g). In each jaw or 
maxilla” we can trace all four parts — protopodite, 
endopodite, exopodite, and epipodite— seen in the 
other appendages. The hinder pair of maxillse, 
it may be noted, bear each a very much enlarged 
epipodite, which is used as a scoop or baler {$c) for 
throwing the water, which has been used in breath- 
ing, out of the gill-chamber. Next in order, on the 
fourth joint of the head, we can discern a pair of 
very hard, limy jaws. These are the rm'iidiblea (f). 
Each mandible is simply a large protopodite, with a 
small endopodite, named the said to be used 
for directing food into the mouth, which opens 
]ust between the mandibles. In the mandibles, 
therefore, neither exopodite nor epipodite have 
survived. A little upper lip and a lower lip (b c) 
exist in the lobster, but these are mere develop- 
ments in the middle line of the body — like the 
front beak of the shell and the telson — and are not 
in any sense to be regarded as appendages. 

Three joints of the head remain for examination. 
The thii*d of these possesses as its appendages a pair 
of very long federa named antmnoa (e). Each feeler 
is simply a long endopodite with a protopodite at its 
base — ^thus resembling the walking-leg — along with 
a small scale-like exopodite. Then come the lesser 
feelers or antennvlea (d), borne on the second joint 
of the head, each of the lesser feelers consisting of 
protopodite, exopodite, and endopodite, and being 
thus a double organ instead of a single one like the 
greater feelers. The first joint of the head bears a 
pair of movable, stalked, and compound eyes ; and 
it forms not the least curious result of our investiga- 
tions when we discover that the eya-ataUca (a) of ^e 
lobster represent protopoditea which have been alone 
developed, to the exclusion of all other appendages. 

Having thus reviewed the general and external 
anatomy of the lobster, we may pause in our 
investigations to consider briefly the retults to 
which our studies have led us. We find thus, 
firstly, that the lobster is an animal whose body 
consists of some tweniy joints. Then we saw that 
of these joints the most distinctly marked were 
those of the tail The plan of a tail-joint was 
next examined, and we then discovered that all 
of the tail-joints were modelled on this single and 
uniform plm Proceeding to the fore part of the 
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lobster’s body, we discover ihat this consiids of 
the animal’s head and chest, the fourteen joints of 
which are firmly united. But from a knowledge 
of development, and from a comparison of the 
appendages of these joints, we learn that the head 
and chest segments are similar in essential nature 
to those of the tail, the appendages of the 
front segments having undergone modifications 
which adapt them for their various functions of 
walking, chewing, feeling, &c. Thus we see that 
the lobster’s body is simply a collection of joints 
of uniform nature. In other words, the segments 
and appendages of its body are said to be strictly 
Imnohgovs - — ^they are built upon one and the same 
structural plan. So that, as far as the appen- 
dages are concerned, their functions form an im- 
material consideration. Fart of the organ which 
is a ^^swimmeret” in the tail becomes a leg in 
the chest; and the same type of organ becomes 
a feeler, a jaw, or an eye-stalk, according to its 
situation in the body of this curious animal 
The outside anatomy of the lobster, however, 
forms butHhe preface to an understanding of its 
internal mechanism. Occasionally the man of 
science receives aid in his researches from very 
unlikely and humble sources ; and on this principle 
I may advise my readers, who may wish to gain a 
general idea of the internal disposition of the 
lobster’s parts, to glance at the longitudinal section 
of the animal made by the knife of the fish-dealer 
or cook, as he bisects the boiled animal for supper 
(Fig. 6). In such a section, where the parts have 



been consolidated by boiling, and especially if the 
dissector’s knife has been keen, we may observe the 
digestive system lying in the middle of the body. 
We see that the interior of the head and chest is 
occupied by the various digestive and other oxgans 
of the animal, including a stomach (a), intestine (in) 
— ^running straight to the telson ” — and a large 
liver (2). Nearest the back, within a sac or bag 
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named the penoardium, lies the heart (4), which, by 
its oonstant pulsation, distributes pure white blood 
to every part of the body. 

When we carefully cut away the sides of the 
oan^ace, or great ‘‘head-shield ” of the lobster, we 
bring into view muuerous little conical bodies 
attached to the bases of the legs, and contained 
within a very well defined space or chamber. These 
are the gills (gl) of the animal, numbering some 
twenty on each side. Each gill resembles a bottle- 
brush in structure, in that it consists of a central 
stem, to which a laige number of delicate leaflets ai'e 
attached. Into the gill, the impure blood passes, and 
circulating through the delicate leaflets, is brought 
in contact with the life-giving oxygen contained in 
the water admitted to the gill-chamber. 

This water flows in by the narrow cleft or slit 
existing at the bases of the legs, whilst it is being 
constantly baled out by the action of the “ balers ” 
or “ scoops,” already alluded to as being borne by 
the second pair of iniaxillos (Fig. 5, h) or lesser jaws. 


The vertical section of the 
his internal anatomy from head 
to tail, also demonstrates to us 
the source of the active move- 
ments of the lobster. In such 
a half-lobster, we may see very 
clearly that the lobster’s tail 
is but a mass of muscles, these 
organs being dis^wsed in de- 
finite bands or layers. When 
we contemplate this immense 
development of muscle, we are 
at no loss to account for the 
powerful stroke of its tail and 
its fin, which sends its possessor 
backwards with a swift move- 
ment through the water. Nor 
can we wonder at the power of 
the nipping-claws when we dis- 
cover by an investigation of 
their savoury contents, that 


lobster, showing 



Fig. 7.— Nervous System 
of Lobster. 
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the edible sabstance of the claws oonsistB of mus- 
cular tissue. It is clear, however, that muscles will 
move only when stimulated in some fashion or 
other, and that, in short, the internal mechanism of 
the lobster, and of all other animals, demands some 
guiding and directing power. Such a power is sup- 
plied by the nervous system^ which exists prac- 
tically as a double chain of neiwes and nerve knots 
(or gaoiglia)^ lying on the floor of the body (Fig. 7). 
If, in the lobster whose sensation has been deadened, 
we expose the nerves near the tail and irritate 
them, as by pinching them, we shall produce strong 
contraction of the tail-muscles as the result. In 
addition to supplying the muscular system of the 
lobster, it need hardly be remarked that from the 
nervous system is derived the power of seeing and 
hearing and feeling, possessed by the lobster in 
common with higher animals. The lobster’s eyes, 
as already remarked, are large and compound, and 
are borne in eye-stalks. The ears are contained 
within the last joints of the lesser pair of feelers, 
and consist of peculiar sacs or bags containing 
fluid and solid particles. This arrangement is 
placed in contact with the nerve of hearing, and 
gives rise to the sense of sound ’’when vibra- 
tions are received by the auditory sacs,” as the 
‘‘ ears ” of the lobster are named. 

Such is a brief outline sketch of what may be 
learned regarding the anatomy of a lobster. The 
details thus furnished may, it is hoped, pave the 
way towards the acquirement of a fuller knowledge, 
not of the lobster merely, but of other forms of 
animal life. No fact in science remains isolated 


from its neighbour-ffu^ ; and it may be pointed out 
by way of conclusion, that the study of a lobster 
forms a solid starting point for the appreciation of 
the constitution of the animal kingdom at large. 

For example, we have ascertained that the 
lobster is an animal possessing, (1) a jointed 
body, (2) a heart lying doraally^ or nearest its 
back, (3) a digestive system in the middle, (4) 
a nervous system vent/rally^ or on the floor of its 
body, (5) appendages in pairs, and (6) jaws 
existing as modified limbs. This inf(H*mation 
aflbrds the basis for our understanding, as the 
result of further study, that the lobster does not 
stand alone in the possession of these chai'acters. 
All crabs, barnacles, water-fleas, shrimps, &c., agi'ee 
with the lobster in the possession of these essential 
features, and so also do insects, spiders, centi^iedes, 
and other animals less familiar to ordinary readers. 
We thus discern that a large number of animals 
exhibit beneath wide diversities of structure a 
broad likeness in the arrangement of their ^mrts 
and organs, and such animals we group together to 
form a suV^kingdom or type of animals. Recognis- 
ing this principle of detecting such likenesses, it 
becomes easy to classify animals which are truly 
related to each other. The student thus begins to 
see that what are known as “ the great ty\^B of 
animal life ” are simply the zoologist’s expressions 
of the close relationship which can be shown to 
exist between certain groups of animals ; whilst he 
also gains in such a study no mean idea of the true 
constitution and arrangement of one great aspect 
of the animal ci*eation. 


RUST. 

By Febdeeick S. Barff, M.A., Chiust’s Coll., Cambridob, 
ProfeBBor of Chemistry to the Boyul Academy and to the Unwersity College, Kenaington, 


UST : it is a very simple word, and there is no 
doubt but that every one would say he under- 
stood perfectly what it meant ; however, on con- 
sideration it will be shown that its meaning is not 
so very simple, and that it is a short t6xt upon 
which a rather long sermon can be preached. Even 
its primary meaning is not so simple as it at first 
appears, for on referring to the dictionary we find 
that Rust ” is derived from a Saxon word, and is 
defined to be — 1. “ The desquamation of old iron.” 

2. The tarnished or corroded surface of any metal. 

3. Lose of power by inactivity. 4. Matter bred 
by corruption or degeneration. With the third of 

64 


these meanings we have at present nothing to do, 
but all the other three are included under the action 
which we call rust The word I'easty, as applied 
to fats, more commonly to bacon fat, means, as 
given in the dictionary, that it is covered with a 
kind of rust,” and this is what is implied by tne 
expression ** bred by corruption or degeneration.” 
Two very beautiful lines by Coleridge embody the 
idea of both these changes in matter which will be 
treated of in this and another article : — 

The knights are dust 

Atid their good swords are rust.” 

The word rust is usually applied to the tarnish 
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whidb, by exposore to some influence, appears on 
the surCaoe of metals, and into the nature of this 
rust we shall first inquire. If a piece of clean, bright 
iron be left exposed to the aii*, we find that in a 
short time it is covered with a red or brown sub* 
stance. This coating is formed more quickly in 
damp air or in the presence of water, and more 
rapidly in warm than in cold weather. In a tropical 
climate it is impossible to keep iron or steel goods 
for even a very short time without their rusting, 
and this rusting is much more rapid in damp than 
ill dry countries of that region ; at Zanzibar, on the 
east coast of Africa, I have been informed by a 
relation who lives there that knives and all steel 
articles rust at once, and that it is most difficult to 
keep them clean and fit for use. Iron goods of all 
kinds on their way to the tropics rust, and the best 
means known are usually employed to retard as 
much as possible this destructive action. From 
what has been stated it is clear that three things 
are necessary to cause iron to rust ; for if rusting 
takes place more rapidly in warm than in cold 
climates, temperature must have something to do 
with it ; and if moisture accelerates the action, it 
must have some effect in producing the result; and 
moreover, there must be something in the air 
which lends it help, for if iron be kept out of contact 
with air it will never rust — ie,, it will never rust in 
the sense in which we are now regarding rust. Some 
veiy simple experiments can be performed to prove 
the truth of these assertions, and it would be well 
for those interested in the subject to tiy them. 
And thus, by the way, a very sound and consider- 
able knowledge of scientific fiemts can be gained by 
simply verifying by experiments statements which 
we read, when those experiments can be per- 


formed easily and without 
danger ; and by experi- 
menting on simpler things, 
facility in manipulation is 
acquired, so that in time 
more complicated operations 
may be performed, and the 
interest which these en- 
gender leads the mind to a 
love of science, and in 
many cases, according to 

Kg. to Aow experience, lays 

Belatioii Detween Rust and the foundation of verv COn- 
Uoistm, ^ 



siderable scientific attain- 


ments. These remarks apply more especially to 


young people, who will, I presume, be among 
the readers of this article, and I can assure them 


that it will w^ repay them to act upon the 
suggestion which has been thrown out. Now to 
b^^ Take a wide-mouthed bottle, or even a 
common physic-bottle will do ; let it be 
quite dry. Pour carefully into it some 
oil of vitriol so as not to wet the mouth 
or sides with it; this can be done by 
using a suitable funnel which can be 
bought at a chemist and druggist’s for 
a few pence ; the funnel is of the shape 
shown in the illustration (Fig. 2). Let 
the oil of vitriol occui)y about one-fouith 
of the bottle, then tie to a soft cork, 
which can be pressed tightly into the 
bottle, a piece of iron wire which has 
been cleaned and made perfectly blight 
The iron wire should be tolerably thick, 
so that its surface may be easily seen, 
and should be just long enough that it 
may hang in the bottle a quarter or half s.^tuiii>. 
an inch above the oil of vitriol — ^for it ffeSrinSoil 
must never touch it ; then press the cork 
tightly into the mouth of the bottle, 
and if there is any chance of its not 
being tight enough to exclude air, cover the cork 
down to the glass with melted sealing-wax (Fig. 1). 
The iron wire may be bent in the form of a coil, 
or it may be of any desired form, but care must be 
taken from the first to keep it out of contact with 
the oil of vitriol. As long as the bottle remains 
closed the iron will not rust, and this because no 
moisture is present. It does not matter to what 
temperature it is exposed, and it would be well to 
expose it from time to time to different tempera- 
tures in proof of the fact that temperature does not 
cause iron to rust, even in the presence of air, if 
moisture be not present. I am now, be it under- 
stood, using the term rust in the ordinary sense of 
the word — i.e,, common red iron rust. It may be 
well to mention why, in this experiment, moisture 
is absent. All ordinary atmospheric air contains 
moisture, and the air when first shut in the bottle 
contained moisture; but the oil of vitriol has a 
strong affinity for moisture or water vapour, and 
when in contact with it always absorbs and fixes 
it, so that the oil of vitriol, which is put into the 
bottle, takes up the moisture and so dries the air. 
If it be desired to prove experimentally that oil of 
vitriol does absorb moisture from the air, it can be 
easily done by putting some into a saucer, placed 
in a scale and balanced by weights ; if the scales 
be left in the air, the pan containing the oil of 
vitriol will gradually descend, showing that its 
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contents have increased in weight This experi- 
ment proves that moisture or water is necessary 
to the rusting of iron or steel 
And now I will describe another experiment 
which proves that the presence of air is equally 
necessary to produce rust Into the same kind of 
bottle put a mixture of lime and sulphate of iron 
or green vitriol Make the mixture in the following 
way : — Green vitriol is a pale bluish-green ciystal- 
line substance. Eeduce the crystals to a rough 
powder in a mortar, and then rub up with them 
about half their bulk of common lime ; the mix- 
ture will assume a dai’k green colour. A little 
water may be added and a small quantity of saw- 
dust to keep it from caking. Put this quickly into 
the bottle, filling it to about one-fourth of its con- 
tents. This operation should be performed quickly. 
Then plunge in the cork with the iron attached, and 
cover it well, and also the upper part of the neck 
of the bottle, with melted sealing-wax. As long as 
the sealing-wax and cork keep out the external air, 
so long will the iron inside remain without rusting. 
Here, as in the last experiment, changes of tempera- 
ture will produce no efiect on the iron. The mix- 
ture, or rather the sulphate of iron in the mixture, 
put into the bottle is brought into such a condition 
by the lime that it absorbs from the air, in the 
bottle, that constituent which is the prin- 
cipal agent in causing rust. A little later 
on in this paper I will treat of this agent 
and its action. By what has been just 
described, it will be seen that in spite of 
the presence of moisture and suitable 
temperature, fron will not rust if the air 
in contact with it be deprived of one of 
its constituenta Another and a very in- 
teresting method of performing an ex- 
periment similar in its effects to the last, 
is to shut up pieces of polished iron wire 
in a glass tube containing water, from 
which all the air has been expelled by 
heat. This is too difficult of performance 
for any one to attempt who is not well 
versed in chemical manipulation, but for a 
very small sum it can be done by those 
who do chemical glass-work. A piece of 
Fi^.- glass tube, about seven or eight inches 
long and three-quarters of an inch in 
diameter, should be softened in a gas- 
one end. flame, and drawn out as shown in the 
illustration (Pig. 3). First of all, before the 
drawing out, the iron wire and some distilled 
water idiould be put into the tube, which has been 


previously closed at one end in the usual way. 
After the tube is drawn out, the water should be 
boiled, and the fine end of the tube sealed up with 
a blow-pipe while the steam is issuing. Now, this 
is a very difficult operation, quite beyond the powers 
of even a good ordinary manipulator. I have had 
such a tube in my possession for a very long time, 
and the iron in the water has not a single spot of 
red rust upon it, although the tube has often been 
heated to the highest temperature it can bear without 
bursting. And the reason is that no air is present 
in it, it having been driven out with the steam 
before the tube was sealed up. These exiierimenfcs 
prove most satisfactorily that air and moisture are 
absolutely necessary to cause red or ordinary rust 
on iron; therefore, if iron surfaces ai’e kept dry 
they will not rust, and the practical impoiiance of 
this lesson is very great; for polished fenders do 
not rust in a room, the air in which is kept dry by 
proper ventilation and by fires. Pianos are often 
spoiled from being kept in damp rooms. Polished 
steel ornaments, when kept in boxes containing 
cotton-v^l, do not rust — for the same reason, if 
the wool be kept fairly dry. If iron articles be 
covered with a paste made of chalk or of lime and 
water, or if they be put into diy lime, they will 
not rust. It is sometimes customary to paint over 
with lime and water the fire-irons and fenders 
in drawing-rooms when people go out for their 
summer trips; and on their return they find, 
when the white is cleaned off*, that the articles 
are as bright as ever. Metallic iron, in the form 
of wire, is always kept in laboratories ; it is very 
useful to chemists, and in order to prevent it 
from getting rusty it is kept in stopi^ered bottles, 
filled with a strong solution of common washing- 
soda (carbonate of soda), or with a solution of what 
is called caustic soda, and these solutions prevent 
the iron from rusting, because no air is dissolved in 
the water saturated with these substances, and the 
substances themselves have no action on metallic 
iron. It has been stated above that ordinary atmo- 
spheric air always contains moisture or water, and 
all ordinary water contains air dissolved in it ; so 
that if polished iron be put into a bottle quite full 
of ordinary water, it will rust by means of the air 
dissolved in the water; but if the water be well 
boiled and put into a bottle with iron, the iron will 
not rust until such time as the water shall have 
again absorbed air, for boiling water drives off* air and 
other gases which may chance to be dissolved in it. 
It will be remembered that, in the experiment with 
the sealed glass tube, directions were given to boil 
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the weter^ wd that waa to expel the air from it, 
aa well as the air in the tube ; and then to dose the 
tube, or seal it up with a blow-pipe, and that was 
to prevent any air getting dissolved by the water 
again. The agent essentidly necessary to produce 
rust on iron is contained in the air: it is called 
oxygen. Atmospheric air is a mixture of gases and 
other matters. Its composition is pretty uniform 
all over the earth^s surface, and this uniformity of 
composition is maintained by what is called diffu- 
sion. Diffusion is a property which gases, when 
they come in contact with one another, have of 
mixing together. By observation, a law of diffusion 
has been discovei'ed — ie., the rate at which gases 
in contact mix together. It is stated to be at a 
rate inversely proportional to the square root of 
their densities, which means that a light gas passes 
more quickly into a heavy gas than the heavy one 
does into the other. Perhaps an example will illus- 
trate this better. A measure of hydrogen weighs 
one ; an equal measure of oxygen weighs sixteen, 
both being measured at the same temperature and 
pressure. If these two gases be contained in two 
separate bottles, the mouths of which exactly and 
closely fit one another, and if the hydrogen bottle 
be placed with its mouth to that of the oxygen 
bottle, the hydrogen being at the top, it will on 
examination be found that in a very short space of 
time the gases will be mixed together in both bottles. 
Now, the oxygen which was placed at the bottom, 
and which is sixteen times as heavy as hydrogen, 
will pass, contrary to its gravity, up into the hydro- 
gen, and the lighter hydrogen will descend into the 
oxygen. Now oxygen is sixteen times as heavy as 
hydrogen, volume for volume, and the square root 
of sixteen is four ; therefore the hydrogen will pass 
or diffuse into the oxygen four times as fast as the 
oxygen will pass into it The composition of air 
is, roughly speaking, as follows : — Four volumes of 
nitrogen, one of oxygen ; four parts of carbonic-acid 
gas in ten thousand parts of air ; a variable quantity 
of water vapour (some is always present) ; a very 
small quantity of ammonia ; and a variable quan- 
tity of dust, &c., in a state of fine division. The 
oxygen, it appears, does not hold a very large pro- 
portion to the nitrogen, but its activity is so great 
that this quantity is sufficient to effect completely 
the offices which it has to perform in nature ; and 
these are most important, for it is the agent which 
supports life — without it we could not live many 
seconda It also supports combustion : by its means 
fires, gas, and candles bum; moreover, though it 
supports life in the living animal, it is the agent 


which causes corruption and decay in the bodies of 
animals when dead. From the first bi*eath we draw, 
it supports and strengthens us in our growth till 
what is called the period of middle life ; and then, 
though still sustaining us, it produces, as age ad- 
vances, those changes which we speak of as decay 
of nature, till at last it finally reduces our mortal 
bodies to that state of dust ^m which tliey were 
originally formed. Oxygen unites with other sub- 
stances whether they be elementary — ^that is, simple 
—or compound, and, in union with these, forms a 
very considerable proportion of the earth on which 
we dwell The flints or stones which we see in the 
roads, the sand on the sea-shore, the soil in which 
vegetation flourishes, the materials of which our 
houses are constructed, are all formed to a great 
extent of this substance, chemically combined with 
other elements. A fifth of the volume of air, we 
have seen, is oxygen ; and in every eighteen parts 
of water by weight, sixteen are oxygen. 

It would take us beyond the subject of this article 
if we wei^e to trace the still further occurrence of 
this important substance in nature. We will there- 
fore confine our observations to its properties — one 
of the most energetic of which is its power of 
uniting with other bodies — and the conditions 
under which these properties are usually manifested. 

Iron-rust is a compound body, formed by the 
union of iron with oxygen. I have already shown 
what promotes and what retards the rusting of iroia, 
and this was done for the purpose of illustrating 
the more scientific part of the subject, and to pre- 
pare the reader unacquainted with scientific matters 
for a more clear conception of what might have been 
difficult had not such simple hints been first given. 
It has been seen that dry iron will not rust in air 
— that is, oxygen will not unite with iron without 
something to promote that union. The addition of 
a little water causes rust to be formed ; therefore 
water is an agent which will produce this result 
when oxygen and iron are in contact. It has also 
been stated that temperature has an accelerating 
influence, for rusting takes place more rapidly in 
warm than in cold climates. 

I have not described an experiment to prove this, 
as it would be difficult of execution, and my desire 
is that all experiments described should be simple. 
Oxygen unites with iron in several proportions, but 
always in the proportion by weight of 56 of iron 
to 16 of oxygen, or in multiples of these numbers. 
The proportions in which iron and oxygen unite to 
form common red rust are 2 (56) parts by weight 
of iron and 3 (16) parts by weight of oxygen. And 
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tibifi is the oxide (f(»* when oxygen unites with 
another substance the product is usually called an 
aacidt), which is eventually formed when iron is 
left exposed to air and moisture, I say eventually, 
because no doubt another oxide containing less 
oxygen is first formed, and this afterwards becomes 
red rust, or the higher oxide. It is customary to 
speak of an oxide as a higher oxide of a body when 
it contains more oxygen than the lower. The pro- 
cess which is supposed to take place when iron rusts 
is somewhat complicated, but I will endeavour to 
make my description of it as clear as possible. 
Imagine a piece of clean iron to be acted upon by 
air — 1 . 6 . , by the oxygen in the air — in the presence 
of moisture, and suppose fifty-six parts by weight of 
its exterior surface to become united with sixteen 
parts by weight of oxygen, an oxide will be formed 
difierent in composition to red rust, which is com- 
posed of 2 (56) of iron to 3 (16) of oxygen, and 
therefore contains one-third more oxygen in pro- 
portion to iron. Now, imagine the oxide first 
formed to take up one-third more oxygen, it will 
be at once converted into red rust; in time the 
entire surface of the iron will be covered with this 
substance, and some of it will be in contact with 
the metallic iron beneath it. It is supposed that 
the red rust in contact with the iron gives up one- 
third of its oxygen to the irbn, and so forms again 
on its metallic suiface the first oxide, and that red 
nist which gives up its oxygen again becomes re- 
duced to the first oxide. We will represent it by 
figures, for this seems to be the clearest way to 
make it understood : — 

56-1-16 is the composition of the first oxide. 

Take 2 ^66-|-16), double the quantity of first oxide, 

And add 16 of oxygen ; 

Then we get 2 (56)-|- 3 (16), which is the composition of red 
rust. 

Now if this red rust gives up 16 of oxygen to 56 
more of iron, the whole becomes 3 (56 + 16), or 
three times the quantity of first oxide. Now if 
this quantity be doubled — ^that is, if we take 
6 (56 + 16), it will take up 3 (16) more oxygen, 
for as we have seen, 2 (56+16) always takes up 16 
of oxygen, and will become .3 [2 (56) + 3 (16)] of 
red rust, and this action keeps going on till the 
whole of the iron is converted into red rust. The 
action is more rapid at first, for the dense red rust 
forms a sort of protection to the parts underneath, 
so that the oxidation proceeds more slowly, though 
it is never absolutely arrested. From this it appears 
that the higher oxide of iron in contact with the iron 
acts as a carrier of oxygen from the air to the iron 


beneath, and this is why iron, in time, gets totally 
destroyed by rust, whereas other metals, such as 
lead, copper, and zinc, do not. This will be fully 
understood when we come to the consideration of 
the rusting and corrosion of these metals. 

For the better understanding of the rusting pio- 
cess, it will be necessary to give a little time to 
study the first oxide of iron, as I have hitheiiio 
called it. It is called protoxide of iron (sometimes 
ferrous oxide), the termination oua of the word 
feiTOus impl}dng that the substance contains less 
oxygen than iron nist, which is called ferric-oxide, 
and sometimes sesqui-oxide of iron. It is called 
sesqui-oxide because it contains half as much oxy- 
gen again as the protoxide does ; and the word 
protoxide means the first oxide. The protoxide of 
iron, although formed by the direct union of iron 
and oxygen, is not persistent — ^that is, after foima- 
tion it does not continue as protoxide, but is im- 
mediately changed by addition of oxygen into the 
higher oxide, so that we say ferrous oxide has a 
great affinity for oxygen. Ferrous oxide is ol> 
tained by precipitating it from a solution in which 
we may consider it to be dissolved in an acid liquid. 
If metallic iron be put into dilute oil of vitriol an 
effervescence takes place, owing to a gas being 
given off*, and this gas is hydrogen. K after the 
iron is dissolved the liquid be evaporated by boiling 
till the residue is very concentrated, and be allowed 
to cool, green crystals will be formed, and these 
can be collected and dissolved in water, and the 
solution contains fenws oxide dissolved in dilute 
oil of vitriol. If the oil of vitriol be taken away, 
ferrous oxide, which does not dissolve in water, 
will be thrown down or precipitated. It would be 
well to perform an experiment to show this, but it 
is not necessary to take the trouble to dissolve iron 
in dilute oil of vitriol, for crystals of this green 
substance, which is called green vitriol or sulphate 
of iron, can be obtained at any druggist^s. Some 
test-tubes should be got from the same shop; 
those about five inches long are the most con- 
venient. Put some of the sulphate of iron into 
a test-tube with some water, and when it is 
dissolved pour into it a solution of ammonia, and 
immediately a green precipitate will be thrown 
down. This precipitate is one containing ferrous 
oxide, but if it be shaken about in the test-tube, it 
will be found to change colour in the upper part, 
where it comes into contact with the air ; it will 
become of a dirty yellow colour, and this because it 
is being changed into ferric oxide. This action is 
better seen if, after the precipitate be formed, the 
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whole contents of the test-tube be poured on a 
filter-pai)ery placed in a funnel, or It can even be 
poured on to a white plate. In a very short tune 
all the green precipitate will cease to be ferrous 
oxide, and will be lianged into ferric oxide by the 
action on it of the oxygen in the air, and its colour 
will be yellow. But then it will be said — Is this 
the same substance as iron-rust 1 for iron-rust is of 
a brown-red colour. No, it differs from iron-rust 
in this respect — ^with it is chemically combined 
water, and because it contains this chemically com- 
bined water, it is called a hydrate j but this water 
is not combined with it nearly as firmly as the 
oxygen is with the iron, for if it be gently heated 
the water can be driven off, and then the yellow 
powder will be seen to change colour, and look like 
iron-rust, and will be, in fact, the same substance 
as iron-rust. The last part of this experiment can 
be easily performed by putting the yellow powder, 
when it is dry, into a little white dish, called a 
Berlin dish ; this can best be held in a pair of 
metallic tongs, called crucible tongs, over a gas or 
spirit lamp, and as the yellow powder becomes 
hot it will pass through various tints of brown 
until it becomes of the brown-red colour of iron- 
rust. There are conditions, however, in which 
the ordinary rusting process produces a yellow and 
not a brownish-red body. For instance, new rails 
may be seen lying by the railway covei*ed in part 
with a yellow rust ; but, though at some future 
time I may treat of it, the subject is so interesting 
and new, that to discuss it here would lead us 
too deeply into scientific questions. The colours 
known amongst artists as Mars’ colours ” are all 
oxides of iron of different compositions. The 
yellow tints are hydrates ; the various reds have been 
more or less heated, and therefore resemble closely 
common iron-rust, and the purples have been heated 
to a very high temj>erature, and are composed of 
the red oxide and another, the composition of which 
will be explained directly. Certain substances 
cause rust to be formed on the surface of iron with 
great rapidity j vinegar, for example, is known to 
rust dinner-knives very quickly. Salt also accele- 
rates rusting; their action in producing rust is 
somewnat complicated, and its explanation is beyond 
the scope of this article. When iron is heated in 
the fire and exposed to air, a scale is formed upon it 
which can be easily removed. These scales are 
found in abundance in smithies round the anvils 
upon which the hot iron is beaten, and they are 
therefore called smithy scales. These scales are not 
iron, but are an oxide of iron of a grey colour, 


almost black, therefore called black oxide of iron. 
The composition of this oxide differs from that of 
those we have been considering ; three times fifty- 
six parts, by weight, of iron enter into combination 
with four times sixteen parts, by weight, of oxygen 
to form it, therefore in it iron and oxygen exist 
in proportions similar to the sum of the other 
two oxidea The protoxide contains 66 of iron 
to 16 of oxygen, and the sesqui-oxide 2 (66) 
of iron to 3 (16) of oxygen. It is supposed by 
some to be simply a mixture of the two oxides ; 
whether this is so or not we will not discuss here. 
An oxide of iron of this composition is found native 
in Sweden, and having magnetic powers, is called 
loadstone. A piece of steel rubbed with it attracts 
needles and pieces of clean iron, hence this native 
oxide is called magnetic oxide of iron, and the same 
name is often applied to the black oxide, however 
it be formed. Large quantities of black oxide of 
iron are found on the sea-shore in New Zealand, in 
the form of small grains like sand ; it is therefore 
called black sand.” This oxide is not affected by 
moisture ; though it contains less oxygen than the 
ferric oxide, it is not by air, in the presence of mois- 
ture, converted into that oxide. A very simple way 
of making it is to put small pieces of clean iron 
into an iron pq>e, which should be made red-hot, 
and then to pass steam through the pipe. The 
properties of this oxide will be more fully considered, 
and the best way to make it, in a future article 
on the prevention of rust on iron. 

Other metals besides iron are subject to rust or 
corrosion ; silver tarnishes on exposure to air, but the 
agent which produces this is not oxygen but sulphur. 
Silver does not oxidise when exposed to oxygen, but 
it very readily unites with sulphur if warmed with 
it. Sulphuretted hydrogen gas blackens silver at 
once, so that if a small piece of sulphide of iron be 
put on a shilling moistened with water, and a 
drop of hydrochloric acid be poured on the sulphide 
of iron, sulphuretted hydrogen gas will be set free, 
and the shilling will be spotted brown and black in 
a very short space of time. Now, sulphuretted 
hydrogen occurs in small quantities in the air, and 
its effect is to tarnish silver. It has probably been 
ofben noticed that, where silver spoons are used 
in eating eggs, the bowls become stained brown, 
and that it is very difficult to clean them. Tliis 
brown tarnish is owing to the formation of sulphide ; 
for eggs contain a large quantity of sulphur, which 
gives rise to their offensive smell when they ‘‘ go 
bad,” owing to the formation in them of sulphuretted 
hydrc^n gas. A little dilute aquafortis will 
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remove the tomirii from silver very rapidly. If 
this method be employed, the silver shoidd be 
immediately washed thoroughly in water. Copper 
forms a rust which is usually green ; this is not, 
however, an oxide, but a carbonate. Copper is 
readily tarnished in the presence of acids, especially 
the acid of vinegar ; also in the presence of fats, 
so that copper cooking-utensils should always be 
freed from grease, which promotes the rusting of 
the metal, and so causes its introduction into food, 
where it never ought to be, as copper salts are very 
poisonous. The beautiful green tints of old bronze 
are due to the rusting of the copper, which is 
the principal constituent of bronze. But rusting 
in copper does not progress as it does in iron, so 
that a film of it protects the copper beneath ffom 
further destructive infiuences. The same also is the 
case with lead ; its rust is white, and, like that of 
copper, is a carbonate of the metal. When lead is 


A GLASS 

By PiiorEBHoa F, 

W HEN the Tartar brings out his oldest arrack, 
the South American settler his very best 
chica, the simple African his choicest palm wine, 
and the European his bottle of ** generous ” port, 
they are doubtless actuated by the best intentions. 
But whether their hospitality might not be ex- 
hibited in a more suitable form is a question that 
is acquiring, almost daily, increased importance. 
However, we are not called upon to discuss it here, 
and from our special standpoint we may, perhaps, 
spend half an hour not unprofitably in consider- 
ing the chemical properties of a glass of wine, and 
in tracing its action on the human economy. 

Common alcohol — ^the intoxicating element in 
beer, wine, and spirit — is only one of a large 
chemical group, and is known as ethyl alcohol, 
to distinguish it from other fluids of a similar 
volatile nature obtained from other sources. Thus, 
there is amyl alcohol obtained by the distilla- 
tion of potato starch, and methyl alcohol, or wood- 
spirit, obtained by the dry distillation of wood. 
Both of these latter kinds are much cheaper than 
ethyl alcohol, and are consequently much used in 
adulterating wine and ardent spirits. Alcohol is 
produced by the fermentation of sugar, and any 
substance containing sugar is capable of yielding it, 


once coated, further action is arrested, and it is weU 
known that lead roofe have lasted for centuriea 
Zinc, on exposure, in time becomes tarnished with 
a whitish substance, which is the oxide, and as zinc 
forms but one oxide there is no passage of oxygen 
from it to the zinc beneath, as is the case with iron, 
so that its rusting is not continuous. Gold and 
platinum do not rust at all, neither does aluminium, 
hence it has been used for making aluminium 
bronze for watch-cases, pencil-cases, These, 
however, do tarnish slightly in time, but this 
is owing to the copper with which the aluminium 
is alloyed. The metal nickel is now used for coat- 
ing iron, and the coated articles retain their bright- 
ness ; for nickel does not tarnish on exposure to air. 

The space allotted to this article is now exhausted, 
We have considered here how the good knights’ 
swords became rust; at some other time we will 
consider how the knights themselves became dust. 


OF WINE. 

li. Eaton Lowe. 

by applying a ferment, and afterwards distilling off 
the vinous product. In general, the larger the 
amount of sugar in the fxniit employed in the pro- 
cess, the greater will be the quantity of alcohol it 
will afford, if the fermentation is permitted to go 
on till all the sugar is expended. 

ThuB^ the luscious grapes of Spain and Portugal 
yield strong wines, while the more acid vintages of 
Germany and South-west France produce wines of 
only half the alcoholic strength. What are called 
British wines, again, as currant, gooseberry, and 
orange, are weaker still, as these fruits have very 
little saccharine matter, and a large proi>oi*tion oi 
acid, so that sugar is added to disguise the excess, 
and sometimes a table-spoonful of spirit to each 
bottle to delay acetic fermentation. Sugar exists ir. 
grapes and fruit generally in the form of glucose, 
and is composed of six equivalents of carbon, twelve 
of hydrogen, and six of oxygen. Alcohol is com- 
ix)sed of the same three elements, but it has only 
two equivalents of carbon, six of hydrogen, and 
one of oxygen. During fermentation, then, the 
sugar has lost several equivalents of each element 
by disengaging carbonic acid, water, and some other 
products. The frothy scum which always accom- 
panies the process is produced by the passage of 
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the escaping oai*banic add through the gummy and 
saccharine matters of the fermenting wort, or musi 
as it is termed by the vintners. 

Eikyl acts the pait of a base, because other com- 
poiinds besides ethyl alcohol are built upon it. Thus, 
common alcohol is ethyl plus the elements of water, 
and is, therefore, called hydrated oxide of ethyl. 
We may exchange the elements of water for iodine, 
chlorine, and many metals, and thus by substitution 
get ethyl iodide, ethyl chloride, zinc ethyl, and so 
OIL If we put a glass of port or sherry into a 
retort, and boil it, the vapour or distillate whidi 
passes over is spirit of wine, or alcohol containing 
about 20 per cent, of water, to which it clings so 
tenadously that 
repeated rectifica- 
tion will not re- 
duce the quantity 
to less than 10 
per cent. 

Absolute alco- 
hol, or perfectly 
pure spirit without 
water, is a curio- 
sity of the che- 
mist’s laboratory, 
and is prepared by 
distilling (Fig. 1) 
the strongest spirit 
of wine with some 
caustic substance, such as potassa, which has a 
stronger afl&nity for water than the alcohol has, 
and immediately combines with it when brought 
into contact. Ordinary spirit bums with a pale blue 
flame, giving out a strong heat, and depositing little 
or no carbon or soot. On this account it is vexy 
suitable for combustion in the small glass lamps 
used in conducting experiments on a small scale. 
It will float on water, as its specific gravity is less, 
in the propoition of 792 to 1,000. The weight of 
a spirituous liquor relatively to water gives an esti- 
mate of its alcoholic strength ; and in this way the 
Excise officers calculate the amount of duty to be 
levied. The instrument used to measure specific 
gravities is a hydrometer of brass, with a b^b at 
one end, weight^, to enable it to float in a vertical 
position in the liquid under examination. The 
heavier the liquid, the more the hydrometer will 
be buoyed up, and the lighter it is— or, in other 
words, the greater the proportion of alcohol, the 
deeper will the instrument sink. In making these 
calculationB, temperature must be taken into ac- 
co^mt, as heat expands alcohol considerably, and 


thereby lowers its specific gravity. Ethyl alooh<d 
boils at a much lower temperature than water, 
that is 172^ as compared with 212^ Methyl 
alcohol or wood-spirit boils at a still lower tempera- 
ture — viz., 140*’; and if some of it be put in an 
exhausted glass tube, it will b^n to bubble as soon 
as the vessel is grasped by the hand. An instru- 
ment exhibiting this phenomenon, and called a 
pulse glass,” can be purchased for a trifling sum 
of most of the London opticians. Amyl alcohol 
or potato-spirit, on the other hand, boils at a very 
high temperature — viz., 270° or68° above the boiling- 
point of water. On account of the expensive nature 
of spirit of wine, the Excise allows the admixture 

of 10 per cent of 
wood - spirit, or 
methylated spirit 
as it is sometimes 
called, for scientific 
purposes. 

In wine-making, 
it is unnecessary 
to add a ferment- 
ing substance, for 
the fruit contains 
sufficient nitroge- 
nous matter in the 
shape of gluten, 
which speedily un- 
dergoes decompo- 
sition, owing to the vital action set up by yeast 
germs, which multiply at the expense both ' of 
gluten and sugar. The grapes are gathered and 
pressed during the day, and left to ferment in the 
night; but the process is not complete, nor the 
wine ripe, till the middle of the succeeding wintoi'. 

A few days suffice for the subsidence of the more 
active fermentation, and the liquor becomes clear 
and loses sweetness, indicating that the greater part 
of the sugar has been transformed into alcohol and 
carbonic add. It is then racked off from the lees, 
and run into tuns for the second, or what we may 
call the quiescent, stage of fermentation. In Feb- 
ruary it is run into casks, and is then fit for sale as 
new wina Some minor changes still take place in 
the wood. In the first place, there is a certain 
amount of evaporation of water, so that the wine 
becomes rather stronger ; then a little of the colour- 
ing-matter is absorbed by the wood, and the product 
becomes of a somewhat lighter hue, while a portion 
of the alcohol by oxidation becomes converted into 
cdddvjfdej and subsequently, by the appropriation of 
another atom of oxygen, into acetic acid, of whioht 



Fig. 1.— Dismuss ArpASAirra 



A GLASS OP WINE. 




acoording to Maldei', there are two or three parts 
m i^e thousand. If this oxidation were allowed to 
go on in the open air, the whole of the alcohol would 
become acetic acid or vinegar, this acid containing 
one equivalent more of oxygen and two less of 
hydrogen. 

Wine is still farther altered by being kept some 
years in bottle. Evaporation is impossible, so that 
the wine cannot acquire strength ; and the popular 
notion that wine becomes stronger in proportion to 
its age in bottle is a fallacy which it is to the in- 
terest of the dealer to keep up. The principal 
changes which take place in bottle, ai^ the depo- 
sition of colouring-matter and salts constituting 
the “ cinist,” and the development of the bouquet or 
peculiar aroma, which is such a distinguishing 
chai'acteristic of the high-priced varieties. 

Bed wines contain a blue colouring-matter, which 
only exhibits its proper hue when thrown down ; 
because, as long as it is in solution, it is reddened 
by the tartaric acid of the wine, in the same way 
as blue litmus, or blue cabbage-liquor, which are 
used by chemists as acid tests. The action of acids 
upon blue colouring-matter may be illustrated in a 
very simple manner. We can easily make a blue 
solution by infusing small pieces of red pickling- 
cabbage in hot water. A drop of any acid, such as 
sulphuric acid, or even viriegar, will immediately 
change the blue colour to red. A blue juice can be 
expressed from many red flowers, whose hue, as in 
the case of red wine or red cabbage, depends upon 
the presence of a vegetable acid. The subsidence of 
this colouring-matter is due to the insoluble tannic 
acid and alumina, which are very slowly precipitated, 
canying down at the same time the vegetable matter 
and cellulose, in a finely-divided state. The process 
by which colouring-matter is deposited may be 
illustrated by a simple experiment, which requires 
no manipulative skill for its performance. Make 
a solution of cochineal by boiling the powdered 
insects in water. To the dark-red liquid add a 
small quantity of strong alum solution or cream of 
tartar, and await the result. You will soon observe 
that the colouring-matter is being slowly pre- 
cipitated, and accumulating at the bottom of the 
v^sel, while the solution itself is becoming pix)por- 
tionately clearer, till it finally loses nearly all its 
colour. The precipitated powder is the famous 
carmine ; and colours obtained in this way on a 
large scale are commei*cially known as lakes. In 
this case the phenomenon is due to the carrying 
down of a colouring principle in combination with 
some animal- matter by the slow subsidence of the 
86 


alumina. The deposition of port-wine crust is 
efiected under precisely similar conditions. In the 
wine you have the alumina, the acid tartrate of 
potash, the colouring principle, and the vegetable 
matter or cellulose instead of the animal matter of 
cochineal. These constituents are so intimately in- 
corporated that the process of precipitation is neces- 
sarily slow, and occupies several years* Tannic 
acid is a very astringent substance, and communi- 
cates the roughness peculiar to new wine. When 
the insoluble portion of this acid is entirely pre- 
cipitated, which does not take place for five or six 
years in the wood, though moi'e rapidly in bottle, 
the wine acquires that softness of character which, 
connoisseurs tell us, is one of the principal tests of 
its excellence. After a certain period, no greater 
degree of softness can be secured by keeping, but 
rather an insipidity to which roughness would be 
preferable. 

Tannic acid or tannin is the active principle* of 
oak-bark and gall-nuts, used in the manufacture of 
black ink } it is also abundant in those excrescences 
well kno,Wn as “oak-apples,” which are abnormal 
growths, produced by the puncture of a small insect 
belonging to the genus Cynips, It is of somewhat 
common occurrence in the vegetable kingdom, and 
the bitter astringency of fruit, skins, and seeds, 
especially those of the grape, is due to its presence. 
Tannic acid has a powerful affinity for gelatine and 
albimiinous mattei*s, with which it forms an in- 
soluble compound ; indeed, the manufacture of 
leather is b^ed upon this property, the tannin of 
the oak-bark uniting with the gelatine of the skins. 
The frequent use of very rough wine, or wine 
adulterate with logwood, in which tannic acid 
occurs, would have the effect of hardening the 
throat and palate, by the transformation of the 
delicate cuticle into a membrane of unusual density 
and dryness. A characteristic test for tannic acid 
is the black colour it produces with salts of iron. 
By this means it may be detected in wine and tea, 
the depth of shade produced varying with the 
quantity of tannin present. 

The agreeable bouquet or aroma is developed at 
the expense of the alcohol, and is much improved by 
age. This accounts for the loss of strength in very 
old wines, as a portion of their alcohol is decomposed, 
and becomes aldehyde and ether. The ethers are 
fluids derived from alcohol by the. action of various 
acids, and are extremely volatile. The ether of the 
photographer’s shop, with the peculiar smell of w'hich 
we are all of us familial*, is made by acting upon 
spirit of wine or methylated spirit .with strong 
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•vilpliiuio acid Hence it ia called sulphuric ether. 
Noir there is no sulphuric acid in winoi but there 
are several other acids capable of acting upon the 
alcohol. Such are tartaric acid^ acetic acid, butjrric 
acid, caproic acid, and some others. These acids 
produce dilSerent ethers, which combine to give the 
much-valued bouquet to old wines ; but the principal 
agent is ether ^ which is powerfully aromatic 

in old ports and sherries. 

The bouquet of wines has nothing to do with 
their flavour, except, perhaps, to deteriorate it ; for 
these ethers, when prepared in a pure state in the 
laboratoiy, have by no means a pleasant taste, and 
theirodourisratherdisagreeable than otherwise. The 
flavour of a wine is the aggregate of the flavours of the 
different acids and salts contained in it ; and analysis 
shows us that the juice of the grape holds in solu- 
tion a considerable number of substances, amongst 
wliich may be mentioned chloride of sodium (common 
salt), chloride of potassium, phosphate of aluminium, 
sulphate of potash, tartrate of lime, tartrate of iron, 
tartrate of alumina, and tartrate of potash. This 
latter salt usually occurs in the form of the bitar- 
trate, in which the acid is in excess, and then con- 
stitutes the well-known cream of tartar or argol^ 
often found deposited in wine-casks in the form of 
small white or reddish crystals. Besides the salts 
already referred to, there exist in the fresh juice 
glucose or sugar, gum, and blue or brown colouring- 
matter, the latter being derived principally from the 
skins, which, in the case of dark or red wines, are 
allowed to ferment with the expressed juice. 

The lighter-coloured, or white wines, are not 
necessarily produced from white grapes, but the 
fruit is carefully pressed to avoid extracting colour- 
ing-matter, and the skins are separated before fer- 
mentation begins. 

Why is one wine sweet and another dryl In 
the first case, all the sugar is not transformed into 
alcohol, but part of it remains in the wine after the 
fermentation has subsided. In the diy wines, on 
the contrary, the fermenting process has proceeded 
till the whole of the sugar has been decomposed or 
qplit up into alcohol, carbonic add, and the other 
adds and ethers already referred to as combining 
to give character to the wine. 

Tbm we have sweet sherry and dry sherry, sweet 
and dry Champagne, sweet and dry Moselle, and so 
<m« Sparkling wines owe their character to the 
escape of carbonic-acid gas in bubbles, as in effer- 
vescing drinks generally. These wines are bottled 
while active fermentation is going on, so that the 
carbonic add is retained in the wine, Sometimes 


tile fermentation'is arrested before all tile sugar is 
exhausted : in that case we get a sparkling sweet 
wine. Thus, in sweet champagne there is one-third, 
of an ounce of sugar to the pint, while we have met 
with samples that have contained neaidy one ounce 
to the pint. The sparkling wines wi^ which we 
are most familiar are Champagne, Moselle, and 
Hock ; but there are others of less note, as Hermi- 
tage, St. Peray, and White Burgundy. According 
to the prindple just laid down, red wines ought to 
be susceptible of effervescence by the fermentation 
of their sugar. Accordingly, such wines are not 
unknown, as sparkling red Burgundy, which is 
somewhat of a curiosity hei^e, but much consumed 
in the district where it is produced. If the fermen- 
tation of port were not arrested by the addition oi 
alcohol, that wine would be liable to disengage car- 
bonic acid, esjiecially when new. Some black or 
red grapes, however, are not favoureble to the pro- 
duction of sparkling wines, owing, probably, to the 
disproportion between their saccharine matter, and 
the gluten or nitrogenous matter, which, as we have 
said, is the fermenting agent. The sweet wines are 
Tokay, Malaga, Samos, Tent, Cyprus, and Constantia 
from the Caj^e. The first three are made from dried 
graj)es, and contain four or five ounces of sugar 
to the pint of twenty fluid ounces ; while the three 
latter hold in solution frem two to four ounces of 
sugar. Roussillon, or French port, is a sweet wine 
from the extreme South of France, often used, on 
account of its cheapness, to adulterate genuine 
port; and Tarragona, or Spanish i)ort, is another 
sometimes used for the same purpose. 

Next in order of sweetness come port and 
Madeira, which contain about one ounce of sugar 
to the pint; brown sheny, three-quarters of an 
ounce ; dry sheny, one-sixth of an ounce ; while 
claret, Burgundy, hock, Moselle (dry), Ma^on, and 
other French wines of the same district, have none 
at all. We now come to the subject of alcoholic 
strength. This is a matter of some importance to 
wine-drinkers, as the physiological and psychologi- 
cal effects following its use are mainly due to the 
spirit it contains, and are little influenced by the 
a^, sugar, and ethers. As the physical evils 
attributable to alcohol are augmented exactly in 
p roportion to the strength of the stimulant, it is 
important that we should know the percentage of 
that potent agent in the wines most likely to come 
under our notice. We find, then, that the wines 
of Spain, Portugal, and the Madeiras, are much the 
strongest Port naturally contains about 24 per 
cent of alcohol, but its strength is always increased 
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by the addition of brandy, and almost every ship- 
mmt to this oountry is fortified to such an extent 
that its alcoholic percentage is brought up to 35, or 
even higher. Much of this is added to arrest fer- 
mentation, and thus prevent the loss of sugar. 
The strongest brown sherries contain the same pro- 
portion of spirit as port, and are fortified in a 
similar manner. 

Madeira averages 20 per cent, of alcohol ; while 
the light French and Gorman dinner-wines, as 
claret, hock, Burgundy, and Bhine wines, possess 
from 9 to 12 per cent. Champagne is rather 
stronger, having 14 per cent, of alcohol. The 
reader may, perhaps, wish to know the relative 
strength of some other alcoholic stimulants in com- 
mon use. There is the London porter, for instance, 
so much appreciated by metropolitan working men, 
but, perhaps fortunately, unknown in the provinces. 
Its depth of colour and density, due on the one hand 
to burnt sugar or caromel, and on the other to gum 
and extractive matter, are the qualities which appear 
to recommend it; for, as it contains 98 per cent, of 
water and but 2 of alcohol, it cannot be called a 
very powerful stimulant. An ordinary wine-glass 
holds about two fluid ounces, and the quantity of 
spirit in an imperial pint of London porter would 
be three-quarters of an ounce, or a little less than 
half a wine-glassful. Strong pale ale has 8 per 
cent, of alcohol, and is sometimes as strong as claret ; 
while London and Dublin stout have 6 per cent. 
With regard to ardent spiritC; rum is the strongest, 
having 60 per cent, of alcohol, brandy 50 to 65, 
whiskey 50, and the gin commonly I'etailed in 
London little more than 20 per cent, or four 
ounces (two wine-glasses full) to the pint. The 
best gin should contain just double this quantity. 
The proportion of water in wines can easily be 
calculated when the amount of spirit is known. 
Thus port, with 35 per cent of alcohol, will have 
65 per cent, of water, claret 90, and Burgundy 88 
per cent. 

We now come to sj)eak of the acids of wines. 
The acid which exists in largest quantity is tartaric 
acid ; there are others whose chemistry is still some- 
what obscure, but they exist in such small propor- 
tions that we need not dwell upon them here. 
Amongst the most acid wines are claret. Burgundy, 
hock, and Moselle. According to Mulder, the fii*st 
holds in solution about 170 grains of tartaric acid 
to the pint. Burgundy 160 grains, and the rest a 
little less. Port has only 80 grains, and brown 
sherry 90 graina Pale ale contains 40 grains of 
acetic add, and dder 120 grains of malic add in 


the same quantity. Some French wines, as Beaune^ 
Beaujolais, and o^ers produced north of the Gironde 
or Bordeaux district, are still more acid than the 
above, but they are not in much repute in this 
country. 

White wines of the Burgundy district, as 
Chablis, Sauteme, and Barsac, are stronger than 
the red, and are justly esteemed for their flavour 
and freedom from excess of acid. From Germany 
we derive some of the finest wines with which we 
are acquainted. Steinberg, Budesheim, Hochheim,. 
and the world-renowned Johannisberg, are produced 
in the valleys of the Mayne and Neckar. The last- 
mentioned district is, perhaps, the best wine- 
growing country in the world, as its climate is said 
to be the finest in £uro|)e. The best vineyards 
here are surrounded by high walls to protect the 
trees from winds, and the utmost care and vigilance 
are exercised in the cultivation, in order to secure 
luxuriance of growth and freedom from partial 
decay or blight. The produce is necessarily limited,. 





Fig. 2.-~Vine : Flower and Leaf. 

and veritable specimens of Johannisberg are some- 
vrhat difficult to proctire in this country. 

The rine {Vitia vin^era, Kgs. 2 and 3) bel<mga 
to the natui^ order VitaeeoB, which contains also 
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iiie well-known Tirgmian creeper. Although found 
wild in many parte of France, Spain, and Itr^y, it 
is probably only an offshoot, and not indigenous in 
any part of Europe. Its home appears to be the 
shores of the Caspian Sea, and the south-east shore 
of the Black Sea, about latitude 37°. Its cultiva- 
tion in Europe extends as far north as the forty- 
ninth parallel 

In good situations it will ripen its fruit in Eng- 
land as far north as 61° or 52°, but the berries are 
very small, and quite unfit either for the table or 
for wine-making. 

The vine is now cultivated in warm latitudes all 
over the world. On the equator itself, in South 
America, it is grown for the purpose of making 
wine, and in Hindostan there are vineyards at an 
elevation of 8,000 feet above the sea. In Sicily the 
sides of Mount Etna are planted to the height of 
5,000 feet, and the produce is the famous Marsala, 
Dr Sicilian sherry, which, by the way, is less likely 
k> be sophisticated than any other wine sold at two 
shillings the bottle, with the exception, perhaps, of 
the wines of Bordeaux. The leaves of the vine ai*e 
five-lobed, the flowers small and green, and the ten- 
drils by means of which the plant climbs issue from 
the points where the leaf-stalks join the stem. 

It only remains to glance very briefly at the phy- 
mological effects of alcoholic stimulants. With the 
moral, social, and physical evils of intemperance we 
are painfully familiar ; but our present purpose is 
simply to investigate the subject from a chemical 
and pathological point of view, or to trace the 
changes which follow the admixture of alcohol with 
the blood. One of the characteristics of alcohol is 
its powerful affinity for water. Placed in contact 
with an animal membrane, it immediately with- 
draws the water which is an essential compcment 
of the structure, and partial or complete destruction 
of its substance is the result. Now, the human 
atomach is lined with such a similar tissue, dis- 
tinguished as the mucous membrane ; and upon its 
healthy condition depends the due performance of 
the function of digestion. 

In the confirmed dmm-drinker, this membrane 
is mottled with inflamed patches ; and the intem- 
perate use of the stronger wmes is sooner or later 
followed by a similarly diseased condition. As 
pure water forms the weightiest constituent of the 
human body — a man weighing 154 lb. having 
1111b. of water in his composition — it follows 
that the substitution of alcohol for that element, 
and its permanent fixation in the blood, must 
vitiate the condition of eveiy oigan, vessel, and 


tissue oontaihing water as an integrd portion of 
their substance, and seriously interfere with the 
due performance of their functions. 

The great centre of the circulation — the heart — 
participates in the disturbance. Its action is 
intensified, and it is called upon to perform one- 
fourth more work than is ordinarily expected from 
it; in other words, the rate of its pulsation is 



Fig. 3.— An Eastem Vineyai'd. 


increased from the normal number of 100,000 to 
126,000 per day. The effect is that the blood is 
driven with greater force into the minute circula- 
tion, where there is insufficient resistance to propel 
it through the minute veins or capillaries. These 
little vessels consequently become enlarged and 
gorged with blood; hence the suffusion and red 
blotches which advertise the perpetual tippler, and 
render his appearance so uninviting, especially as 
the nose is the part usually selected for their display. 
Till a comparatively recent period, the opinion was 
imiversal amongst physiologists that alcohol acted 
as a respiratory food — that is to say, it was burned 
in the body like fat or starch, with the production 
of heat and the evolution of carbonic-acid gas from 
the lungs. The researches of Dr. Edward Smith 
proved that under alcoholic stimulus there is a 
marked diminution in the quantity of carbonic acid 
respired, so that alcohol must be decomposed in the 
body without any of the phenomena which accom- 
pany the decomposition of heat-givers. Dr. Richard- 
son has further shown, in opposition to the gener- 
ally received opinion, that there is a reduction of 
temperature in the advAuced stage of alcoholic 
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poisonhig from 98" to 96"; and that the narcotism 
of alcohol may be thus distinguished from the coma 
of apoplexy, in which there is a rise of temi^erature. 
It thus appears that a glass of hot brandy and water 
is a very poor protection against cold, and an equally 
poor rem^y when a cold is contracted. The action 
of alcohol upon the blood-corpuscles is remarkable. 
These minute globules are slightly concave (VoL L, 
p. 364), but it was discovered by Mr. Addison that, 
in contact with alcohol, they become changed in form 
by the withdrawal of water, and are aggregated into 
oolumns, or disposed in star-like groups. The result 
is that the flow of the blood is impeded in the minute 
circulation, and in many cases actual coagulation 
occurs. Under such circumstances, adequate nutri- 
tion is an impossibility j food is rejected because it 


cannot be assimilated, and general atrophy or wasting 
speedily follows. The existence of this atrophy is not 
contradicted by the apparent fattening which often 
accompanies it in the case of persons who consume 
much beer or spirits. The increased deposition of 
fat is pix>bably due to the transformation of sugar, 
which such j^ersons ought sedulously to avoid. Tlie 
want of tone in the nerves indicated by the trembling 
limbs and shaking hands is one of the most dis- 
tressing symptoms of alcoholic poisoning, for, as the 
nerves emanate from the brain, that organ partici- 
pates in the mischief, and loss of memory, dimness 
of sight, drowsiness, dulness of perception, and, 
lastly, the fatal delirium which ends this strange, 
eventful history,” are so many signs of progressive 
cerebral disorder. 


VOYAGES IN CLOUDLAND. 

By T. C. HbpwoktU. 


I F a bladder half-full of air, with its opening tied 
securely, be placed in front of a fire, or subjected 
to any other source of heat, it will rapidly become 
ao fully distended that its sides will be tense and 
hard to the touch. If the bladder be completely 
filled with air, it will probably bui’st with a loud 
report very soon after the heat reaches its contents. 
We need hardly say that this effect is not due to 
any peculiar property possessed by the membrane, 
but is caused by the rapid expansion of the heated 
air contained within it. A little contrivance, which 
is used as a drop-bottle by oculists, illustrates the 
expansion of air by heat in a very forcible manner. 
It consists of a little glass globe furnished with a 
tube having a very small orifice (see Fig. 1). 
Liquid contained within the globe flows out drop 
by drop directly the little in- 
strument is inclosed within the 
warm hand. 

It is clear that air in this ex- 
panded state must be lighter, 
bulk for b\ilk, than air at the 
normal temperature. It there- 
fore — for the same reason that a 
cork will float on the surface 
of the water — arises in the denser 
atmosphere around it It is said that the first 
inventors of the balloon — ^the brothers Montgolfier 
~were prompted to experiment by observing the 


smoke rising from the chimneys round about 
their home They imagined that the ascensional 
power was due to some hidden property possessed 
by the smoke. They therefore argued that if 
they could but envelope enough of that vapour 
in a large bag, it would be able to float above 
the earth. They soon found that the heated air 
gave the motive power, and after a few trials 
tlie first balloon-ascent astonished the world. But 
ages before the Montgolfiei's’ time, men had turned 
their attention to the possibility of navigating the 
air, and history records many fatal attempts of 
enthusiasts, who, furnished with wings, have boldly 
plunged from high buildings into the yielding 
atmosphere. 

Man in a savage state would soon learn how to 
support his body in water, and the accidental help 
afforded by a floating tree-trunk would give him 
the first notion of the use of a boat. From this 
small beginning he has so far conquered the seas as 
to cover them with ships, which resemble in their 
capacity floating villages. The land itself shows 
few places where man has not planted his foot, 
from the summit of the most lofty mountain, to 
the very bowels of the earth. But with regard to 
the air, he has made little or no progress. He sees 
birds and insects around him which are able to 
support themselves and travel in the air with great 
rapidity; but, do what be will, he cannot mutate 
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thrall Indeed, theo(»iim<mph]:«8e^ oanno^^ 
do sadi and such a tiling than I can flj/’ is a 
tacit acknowledgment that sudi a means of loco- 
motion is denied him. But, as we have already 
acid, many have been oonvinced to the oontrary, 
and have paid for their belief with their lives. 

It is not a matter of much surprise that almost 
all the so-called flying-machines ” have been 
modelled from the form of wings with which birds 
and insects are furnished, lliis has been done 
without any reference to the immense disproportion 
which exists, weight for weight, between the 
muscular power of man, and that of his humble 
but more successful competitors. Let us take one 
instance. A common flea — alas ! too common — ^will 
jump at one bound 200 times its own length. If 
a man possessed the same proportionate power, he 
would, standing on Ludgate Hill, be able to jump 
clean over the dome of St Paurs Cathedral without 
putting forth his full strength. Could he accomplish 
such a leap, we may feel satisfied that the power 
could be utilised for putting in motion a pair of 
wings for his support in the air. But man is — 
compared with the lower creation — such a weakly 
thing, that any attempt to imitate the flight of a 
bird must end in failure. It is worthy of notice 
that in all such attempts a strange inconsistency 
i^ipears. Enthusiasts have been so confident of 
success that they have placed their lives in jeopai*dy 
by invariably taking their flight fiom some high 


tower, or other eminence ; whdreas, were their wings 
worthy the name, an attempt from a table a few 
feet above the ground would have demonstrated 
their capabilities for fli^t equally well without any 
risk. The last victim in this country who perished 
in the attempt to fly, was De Groof^ an engraving 
of whose machine we annex (Fig. 2). It was 
attached to a balloon which rose from Cremome 
Gardens, in 1874. At a given signal, the frail 
apparatus was detached from the car, when it 
collapsed and fell heavily to the ground with its 
luckless contriver. Fig. 3 represents the flying 
apparatus designed by M. Leturr, whose invention 
also cost him his life. 

The first flying-machine worthy of notice as 
bearing some resemblance to the modem balloon^ 
was suggested in 1670, by a Jesuit named Francis 
Lana. It was to consist of a basket-work boat^ 
having a mast and sail, and carrying at the ends of 
vertical rods four large spheres made of sheet* 
copper. These metallic i*eceptacles were to be 
exhausted of air, which operation the inventor 
fondly hoped would cause the machine to rise from 
the gi*ound. In theory his argument was perfectly 
correct, and if the balls had been made of some 
substance strong enough to resist the pressure of 
the atmosphere, and at the same time of extremely 
light weight, his wishes might have been realised. 
But he did not know, nor did any one at that time, 
that the atmosphere presses upon the air with a 
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'weight equal to 161b. on every square inch — 
pressure which would of course have crumpled up 
the exhausted air-balls as if they had consisted of 
^gg-shells rather than copper. One hundred years 
passed without any advance upon this impracticable 
but suggestive proposal of Lana’s, when Cavendish 
startled the scientific world by his discovery of in- 
flammable air, or, as we have learnt to call it, 
hydrogen. Dr. Black, of Edinburgh, at once ]K)unced 
upon the new vapour as one which, on account of 
its extreme lightness, would enable bladdei’s to rise 
in the air. Cavallo, in 1782, expeiimented in this 
direction. He found that a bladder was too heavy 
for the purpose, and that paper, by reason of its 
porous nature, would not hold the gas. But he 
inflated soap-bubbles with hydrogen, and saw them 
rise to the ceiling of his laboratory. 

In the same year the brothers Montgolfier were 
carrying on their experiments at Annonay. Their 
first serviceable balloon — the outcome of various 
attempts — ^was made of linen and lined with paper. 
It measured nearly 40 feet in diameter, and weighed 
more than 4001b. The necessaiy heat was obtained 
from burning straw, which was placed under a wide 
orifice left for that purpose in the lower part of the 
balloon.* The excitement caused by the new- 
f^led machine soon spread to Paris, where many 
scientific men turned their attention to the subject. 


Among them was M. Charles, who was led to 
exi>eiiment with hydrogen. He manufactured a 
small tiial balloon of silk, which he covered with an 
elastic varnish, and he had the satisfaction of seeing 
it rise in the air, until it disappeared in the clouds. 

Up to this time no man had had the courage to 
ascend, although different animals had been sent 
up, and had accomplished their aerial journey with- 
out ^cident But in 1783, Bozier, with whom 
one of the Montgolfiers had now established a kind 
of partnership at Paris, was induced to enter the 
car of a balloon. The machine was attached to cords 
which permitted an elevation of only about 70 feet, 
but the experiment clearly showed that man had, to 
a certain limited extent, learnt how to support him- 
self above the surface of the ground. A more 
daring flight was speedily announced, and Bozier, 
with an adventurous nobleman, were the aeronauts. 
The balloon used on this occasion held about 6,000 
feet of hot air, which was supplied, as in Mont- 
golfier’s previous experiments, by a small furnace of 
burning straw. The balloon ascended to a con- 
siderable height, but in coming down the material 
of which it was made took fire, and the two occu- 
pants of the car narrowly escaped with their lives. 
Meanwliile, the advocates of hydrogen were not 
idla MM. Charles and Bobert opened a subscrip- 
tion to meet the expense of constructing a silk 
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bdloon 26 feet in diameter. This ^udloon is worthy 
of notice as having furnished a model for most of 
those which followed it. An ascent to a great 
height was successfully acoompUshed, the aeronauts 
landing several miles from their starting-point. 
But the strange-looking monster so excited the fears 
of the ignorant peasantiy, that in a few minutes 
after its descent they had tom it to shreds. 
Ballooning now became common throughout France 
and other countries, and some amount of rivalry 
existed between the supporters of the Montgolfier 
system and those who advocated the use of hydro- 
gen. But it soon became evident that each method 
possessed special advantages of its own. The former 
was of course liable to danger from the furnace 
which it carried, but it was more under control than 
the gas-balloon, for by judicious use of the fuel it 
could be made to rise or fall as often as might be 
wished. The gas-balloon, on the other hand, could 
only be lowered by allowing its very life-blood to 
escape. Moreover, the operation of filling it in the 
first instance, was attended by much difiiculty and 
expense." But M. Rozier, with another, determined 
to take advantage of both systems, by crossing the 
channel by means of twin balloons fastened one 
above the other. The upper balloon was filled with 
hydrogen, while the lower one by which the 
ascending power was to be regulated, was con- 
structed on the Montgolfier system. It is not 
surprising that this foolhardy attempt to bring an 
irifhimmable gas into such close relationship with a 
furnace of flaming straw led to a disastrous result 
The gas exploded, and the bodies of the two un- 
fortunate men were hurled to the ground. These 
were the fii'st victims of ballooning, and many have 
since perished in similar expeditions. But con- 
sidering the large number of persons who have 
trusted themselves to the mercy of the winds in 
such frail vessels as balloons represent, the per- 
centage of deaths recorded is very small. 

In England numerous ascents have been made, 
but ballooning has in this country sunk to a mere 
means of amusement at public gardens and like 
^aces ; although we must except certain expeditions 
presently to be noticed, which have been under- 
taken for scientific purposes. One of the most 
remarkable ascents on record was made from 
London in 1 836, by Green, the well-known aeronaut 
He landed with his companions the next day at 
Nassau, having travelled across sea and land a 
distance of 500 miles. The same veteran balloonist 
made altogether no less than 1,400 ascents. He 
suggested, among other improvements, the use of 


the guide-rope, which consi^^ed of a long cabl» 
which trailed from the car. This contrivance waa 
found particularly useful in crossing the ocean, 
where it steadied the balloon, and kept it at one 
constant altitude. 

The extra risks attending the use of afire-balloon 
are twofold. The first arises from the sparks — 
which may be obviated to a certain extent by soak- 
ing the balloon material in a solution of alum — and 
the second from the accumulation of unconsuuied 
vapours in the body of the balloon, which may ab 
any time explode. These and other considerations 
have led to the almost total abandonment of the 
Montgolfier balloon, in favour of that which is tilled 
with gas. 

A gas-balloon is simply a large bag, usually 
either spherical or i)ear-8haped, which is made of 
some material impervious to the vapour which it 
has to contain. The material generally found most 
suitable for moderate-sized balloons, is corah silk, 
covered with several layei‘s of caoutchouc varnish. 
The entire machine is clothed in a network of strong 
cord, to which the car and its appendages are 
fastened. By this means an equal weight is distri- 
buted over each portion of the envelope, and no jmrt 
of it is pulled out of shape. The network terminates 
below the balloon in a wooden hoop of several feet 
in diameter, and from this hoop depends the car. 
The latter, which is generally made of basket-work, 
is hung at some distance below the balloon, in order 
that its occupants may not be affected by the escape 
of the gas. At the top of the balloon is a valve 
which opens inwards, but closes with a spring. It 
is governed by a cord which passes through the body 
of the balloon, into the car beneath, so that it may 
be under the immediate control of the aeronaut. 

The lower opening of the balloon, through which 
it receives its complement of gas, is left unclosed 
during an ascent. For as the machine rises, the air 
becomes less and less dense, and the gas naturally 
expands. In the early days of ballooning, many 
casualties happened through neglect of this precau- 
tion. The car is furnished with ballast in the form 
of sand-bags, which are emptied one by one at the 
discretion of the aeronaut, care being always taken 
to reserve as much as possible to check a too sudden 
descent. A great deal of judgment is in fact re- 
quired both in the use of the ballast, and in the 
management of the escape- valve. By their aid, the 
operator can rise and fall until a certain limit is 
leached, when, the balloon being half-empty he must 
perforce return to mother earth. In descending, the 
half-in^ted bag naturally takes an umbrella-like 
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orpanMAute form, md the force of the fall is thus 
considerably checked. 

Although hydrogen gas is, on account of its light* 
ness, the most suitable agent which can be employed 
for balloons, its preparation in a pure form is at- 
tended by much expense and many difficulties in 
the way of apparatus. For these i^easons carburetted 
hydrogen — that is, common coal-gas — is much more 
frequently adopted for the purpose. It is much 
heavier than pure hydrogen, but this fault is coun- 
terbalanced by the ease with which it can be ob- 
tained. The firat product of the retorts is richer in 
carbon than that portion which subsequently comes 
away, and is therefore more valuable for illumina- 
tion. But the latter i3ortion is far lighter, and 
more nearly approaches pure hydrogen in its pro- 
perties. Balloonists generally arrange with the gas 
company with which they deal, to be supplied with 
this special kind of gas. The aeronaut Green was 
the first to employ coal-gas for balloons. 

Perhaps no contrivance has ever led to such pre- 
posterous suggestions as the balloon. It is not al- 
together surprising that the ancients should imagine 
that the upper limit of our atmosphere presented a 
definite surface like the ocean, and that if this could 
once be reached, aerial navigation would become 
an established arfc. The discovery of the barometer 
of course negatived such an idea. But this is as 
nothing compared with the notions which, shortly 
after the first balloon-ascents, occupied the minds 
of those whose imaginations outran their scientific 
attainments. One would-be inventor gravely sug- 
gested that a fiock of biids should be harnessed to 
the car, and he was good enough to i)oint out that 
eagles or falcons would be the most eligible birds 
for the purpose. Geese, we should imagine, might 
have done equally well Another inventor, named 
Campenas, was also troubled with aerostation on the 
brain. He did not divulge his plans further than 
to propose to Bonaparte, in 1796, the construction 
of an aerial ship, which was to hold 200 persons, 
and which could be directed to every point of the 
compass. In his address to the Emperor he writes : 

I myself will be your pilot. You can thus, with- 
out any danger, hover above the fleets of enemies 
jealous of our happiness, and thunder against them 
like a new J upiter, merely by throwing pei’pendicu- 
larly downwards firebands made of a substance 
which will kindle only by the contact and percussion 
at the end of its fall, but which it will be impossible 
to extinguish. Or, perhaps you will think it more 
prudent to begin at once by forcing the British 
Cabinet to capitulate j which you may easily do, as 
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you have it in your power to set fire to the City 
of London, or to any of the maritime towns of 
England.” He goes on to say that the projected 
machine will be capable of travelling from Paris to 
London, destroying the latter city, and returning 
to Paris all within twenty-four hours. A truly 
modest programme ! 

But within far more recent years, schemes quite 
as impracticable have been mooted with equal con- 
fidence on the part of their projectors. No later 
than July, 1835, an aerial ship was advertised to 
sail from London to the different Eui'opean capitals. 
It was depicted on the advertisement-bills as a 
barrel-shaped balloon, 160 feet long by 40 feetWn 
diameter, and capable of carrying 17 passengers. 
We need hardly say that this curious ship never 
sailed. 

It is evident that all these wild projects depend 
upon some fancied notion of being able to steer a 
balloon, irrespective of the power of the wind to 
blow it in one direction. Most of them consist of 
an arrangement of fans and vanes to be set in 
motion, and to act upon the air much in the same 
way that the screw of a steamship repels the water. 
Indeed, the favourite argument peeps out here that, 
because water is navigable, afr, too, can be brought 
under subjection. A little thought will show how 
dissimilar the two cases really are, one being an 
elastic fluid, and the other inelastic. If we put a 
buoyant thing, such as a boat, into water, there it 
is supported on the surface. We have no further 
trouble with regard to its floating capabilities, so 
that we can give our sole attention to propelling it 
This we do by the aid of- another power — namely, 
the force of the wind. We therefore have two 
different servants in our employment — one being 
the water which bears our vessel up, and the other 
the wind which pushes it forward. 

But in ballooning we have but one medium to 
which we can trust our frail bark — a medium which 
surrounds it on all sides. Besides this, our vessel 
must be of an unwieldy size to enable it to float at 
all. When once launched, it takes all our pains to 
prevent it rising too high or sinking too low. We 
can thus rise or fall in the air to a limited extent^ 
but beyond this we can do nothing. The wind 
which, in the case of a water-boat, can by means 
of sails be made to do our bidding, is now our 
master, to drag us with him whichever way he may 
happen to be going. The huge suiface which a 
balloon necessarily presents to his influence, gives 
him an enormous control over it. In short, it 
would be as impossible for us to stem the current 
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air, as it would be fen: some li^e beetle that had 
&llen into a river to attempt to swim against the 
force which hurries it down stream. 

Every kind of motive power has been at some 
time or other suggested for application to balloon- 
ing. Compressed air will seem to one inventor the 
most suitable for the purpose ; another will propose 
steam; both forgetful that the weight of either 
air or steam engine would necessitate enormous 
gas-envelopes. Then comes the electrician ; but the 
force with which he deals is, as a motor, so far as 
our knowledge at present extends, simply useless 
for anything but the lightest work. Carbonic di- 
oxide is next proposed, and we are to sail through 
the air by means of enlarged seidlitz powders. In 
order to show the utter absurdity of all these pro- 
jects for battling with the wind, let us imagine for 
one moment that a motive power and suitable 
engine have been found, and have been placed in 
the car of a balloon. We will suppose that an 
easterly wind is blowing, while the course we wish 
to travel lies due east. Let us now watch the 
result. The engine is set in motion, and it is so 
powerful that the balloon is dragged behind the 
car, the cords to which the latter is suspended 
assuming a horizontal position. The huge balloon 
staggers in the rear like an ill-made kite. The 
a^naut is at last tempted to exclaim — “ Of what 
use is this cumbrous bag of gas 1 let us cut it adrift 
and fly without it^’ In other words, an engine 
that could exert sufficient force to pull a balloon 
against the wind could easily be made to rise from 
the ground of itself. The balloon would therefore 
be useless. An indiarubber toy balloon, tied by a 
short string to the finger, and moved against a 
moderate breeze, will quickly assume a horizontal 
position. But the difficulty is perhaps better illus- 
trated by a small child who endeavours on a windy 
day to cope with the vagaries of a large umbrella. 
Before dismissing this part of our subject, we may 
mention the possibility of turning a balloon round by 
means of vanes, but beyond this nothing can be done. 
In fact, so far as controlling the movements of the 
machine, we are in precisely the same position as 
were the Montgolfiers when their paper bag first 
rose into the skj. 

The only hope that remains to us of being able 
to steer balloons to pre-arranged havens, lies in the 
possibility of there being, at certain elevations in 
the atmosphere, currents of air having a definite 
velocity and direction. Many have supposed that 
this is the case, but the probabilities of such a 
notion being true are most vague. A Dr. Van 


Heche was the first to propound the theory, ami 
he proposed by screw vanes to rise and fall in the 
fur until the particular current was hit upon which 
agreed in its direction with the course he wished 
his balloon to steer. The agronaut Wise, of Kew 
York, was so satisfied with the soundness of this 
doctrine of constant currents, that he resolved (in 
1873) to cross the Atlantic. An immense balloon 
was constructed for the purpose, but owing to the 
bad quality of the materials, it split up in all 
directions directly the gas distended its sides. The 
scheme collapsed with the balloon, which was 
perhaps a lucky circumstance for the intended 
passengers. 

The science of aerostation has by no means 
sufiei*ed for want of daring schemes involving 
apparatus of enormous size. In 1863, a balloon 
cdled Le Oeant^ containing 200,000 feet of gas, 
was constmeted at Paris. The car consisted of a 
small cottage residence of two storeys, with every 
appliance to make it comfortable and homelike. 
It numbered among its conveniences a refreshment- 
room and a lavatory. Thirteen passengers were 
carried at its first ascent, but the journey lasted 
only four hours, owing to some accident to the 
valve line. The second and final ascent came to 
rather a disastrous termination after a flight of 
seventeen hours. For the balloon descended during 
a high wind, which dragged the cottage and its 
occupants bumping along the ground for several 
miles. The passengers were, of course, much hurt, 
and it is questionable whether there was one among 
them who ever again trusted himself so far above 
his native earth. This balloon and its somewhat 
shattei*ed car were subsequently exhibited at the 
Crystal Palace. 

The next large balloon-car constructed was a 
Montgolfier, which made two ascents from London 
in 1864, both of which were witnessed by the 
writer. This balloon had a capacity of half a 
million cubic feet. The car was merely an annular 
gallery round an iron stove in which compressed 
straw was burnt. Bundles of this fuel were sus- 
pended from the ear. The aspect of the roaring 
fiames mounting high into the wide opening of the 
balloon, as it rose majestically in the air, formed a 
very startling and impressive sight. This balloon, 
or one very similar to it, was later on completely 
consumed in the grounds of the Crystal Palace just 
'before a contemplated ascent. 

Scientific men soon saw that the balloon affoided 
them a means of examining the higher strata of the 
atmosphere, and of obtaining information which it 
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was alxDCMftt impoissible to procure by other ex- 
pedients; and at the beginning of the pi^sent 
centuiy many ascents were made in different 
countries for the purposes of science* M« Sacharof , 
of St Petersburg, turned his attention to acoustical 
phenomena, and, among other results, he obtained, 
by means of a speaking-trumpet, a distinct echo 
from the surface of the earth while he was sailing a 
mile and a half above it. Gay-Lussac and Biot 
endeavoui*ed to detect variations in the magnetic 
phenomena of the earth in the higher regions of the 
atmosphere, but without success. They also brought 
down bottles of air from different altitudes, which 
on examination proved to be normal in its pro- 
portions of oxygen and nitrogen. In 1852, Mr. 
Green, in the Nassau balloon, made four ascents 
from the Kew Observatory, and recorded similar 
results. But perhaps the most important service 
in this direction was rendered ten years later, by 
Mr. Glaisher, who, on behalf of the British Asso- 
ciation, undertook a series of ascents in company 
with the well-known balloonist Coxwell. The 
highest ascent ever recorded was accomplished by 
them on September 5, 1862. 

The balloon left Wolverhampton on that day at 
1 o’clock P.M., the temj>erature being 69®. At the 
height of one mile the thermometer registered 41®. 
At this height they entei’ed a cloud, the esti- 
mated thickness of which was 1,100 feet. Leaving 
this cloud, they suddenly burst into a sunlit ex- 
panse, — the clear blue sky above and an ocean of 
clouds below, which formed hills and vales, and 
mountain chains, while the sunlight gave the whole 
scene an appearance of the most sublime beauty. 
They thi’ew out more ballast, and rose until the 
barometer told them that they were five miles 
above the ground. Here Mr. Glaisher’s sight began 
to fail him, and he had great difficulty in recording 
the observations which up to this time had engrossed 
his attention. His limbs soon became motionless, 
and in a few minutes he fell back insensible. His 
companion was affected in almost as great a degi*ee, 
for he lost the use of his hands, which appear to 
have turned black. He had, however, sufficient 
strength to pull the valve-cord with his teeth, and 
the descent, of course, commenced. The height 
i*eached on this, occasion was no less than seven 
miles, and from the effect produced on the occupants 
of the car, we may consider this the extreme limit 
to^ which man can go without losing his life. 

Many useful observations were made during Mr. 
Glaisher’s ascents. They chiefly related to humidity 
and temperature; but others of a physiol<^cal 


character, such as the effect of the rarefied air upon 
the pulse and the inspiration of the lungs, were 
also recorded. Some pigeons which were taken up 
dropped down like stones when they were released 
from the car, and only one of their number again 
reached Wolverhampton. At the higher elevations 
an absolute silence reigned, but at two miles the 
bark of a dog was heard, and at four miles the 
noise of a railway-train was detected. 

The marvellous effects of light and shadow which 
are often observed from a balloon, no pen can 
describe ; while occasionally optical phenomena of a 
more extraordinary kind may be witnessed. In 
describing one of his ascents, M. Charles writes 
When I left the earth, the sun had set on the 
valleys ; lie noio rose for rtie alone. Presently he 
disappeared, so I had the pleasure of seeing him set 
twice on the same Jay.” We annex as illustrations 
a view of Cloudland (Fig. 4), and a lunar halo 
(Fig. 6), as seen during an ascent. 

^yond the scientific questions which balloons 
have enabled us to answer, they have of late years 
hem found most useful adjuncts to military ex- 
peditions. And there is little doubt that in the 
future — we fear that there w a future for the horrors 
of war — their use will be still further extended. 
In the French army they were used so long ago as 
1794, and again at Solferino; while throughout 
the Franco-German War they were so commonly 
employed, that Herr Krupp was called upon to 
devise a special form of long-barrelled, pivoted gun 
with which to take pot shots at them. But bullets 
have little effect in stopping the progress of a balloon, 
for a' rent in the material far larger than a bullet 
would cause, would do little move than act as a 
safety-valve for the gas. 

During the siege of Paris no less than sixty-four 
balloons started from the ill-fated city. Two of these 
were carried sea-wards, and were never afterwards 
heard of, several fell into the hands of the Pnissians, 
and the rest escaped to friendly territoiy. We 
notice in the French Budget for 1877, a credit of 
200,000 francs was allowed for military ballooning. 
This fact alone will show that our neighbours are 
far from thinking lightly of the matter. But its. 
consideration is not confined to the French, for 
during the America war a regular staff of balloon- 
ists was attached to the Federal army. And even 
the Japanese have constructed an immense balloon 
for the same kind of service. 

Our own War Department is not blind to the ad- 
vantages which the use of a balloon will often af- 
ford, and some experiments have been carried on at 
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Woolwich with the object of obtaining some definite 
information regarding its j)erformance in the field. 
These seem to have consisted principally^ in deter- 
mining the smallest amount of hydrogen which will 
raise a man from the ground ; and also, by careful 
study of the direction of the wind and of the map, 
to calculate the spot which a balloon will reach in a 
given period of time. It may perhaps be as well to 
add that these experiments have been carried on 
under the auspices of a select committee of the War 
Dej>artment. In this connection we may men- 
tion that a means has been found of procuring maps 
by iiie help of a small captive balloon carrying a 
{diotographic camera. The camera is furnished in 
the usual way with a sensitive plate, which is ex- 
posed for the fraction of a second by the action 
of an electi’o-magnet. In this way a correct 
picture of an enemy's works can be obtained, show- 
ing the number of guns mounted, and the various 
details of the defence. Two other uses have also 
been suggested for small balloons. The first, that 
of determining the height of clouds by calculating 
the time which elapses before they disappear, and 
BO obtaining data On which to found weather pre- 
dictions ; while the other proposal consists in the 


employment of balloons to establish communication 
between a sinking ship and the shore. But the 
latter notion evidently came from a theorist who 
never tried the experiment of handling a gas-bag in 
a gale of wind. 

With the exceptions noticed in connection with 
scientific aims, and military service, modem bal- 
looning seems to have resolved itself into a means 
of obtaining bird's-eye views foi* the gratification of 
holiday folk. The fii*st captive balloon of this 
public nature was instituted at the Paris Exhibition 
of 1867. Its diameter was 93 feet, and it had a 
capacity of no less than 421,000 cubic feet. The 
gas used was pure hydrogen. The car held twenty-five 
persons at each ascent, and a mpe was attached to 
a drum, which revolved by steam-power. Another 
balloon, slightly larger, but similar in construction, 
was established at Chelsea, in 1869. The material 
used in making these balloons was a kind of com- 
pound cloth, consisting of indiarubber and canvaa 
The drum on which the cable of 2,000 feet was 
wound, measured 23 feet in length, and bad a 
diameter of 6]^ feet. Two engines of 150 horse- 
power were employed to haul the machine to the 
ground. .The view obtained from this balloon waAi 
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when tbe smoke of London permitted, very fine, 
for the windings of the Thames could sometimes be 
traced from Berkshire to Greenwich. But for some 
unknown reason, the Londoners did not patronise the 
show, and ike speculation was an utter failure. In 
the sequel, this balloon escaped from its moorings, but 
its cable acted both as a guide-rope and an anchor, and 
it was recovered afterwards some miles from town. 

The largest balloon ever made formed one of the 
chief attractions of the 1878 exhibition at Paris. 
It was constructed by M. Henry Giflfard, the 
designer of the balloon already mentioned which 
ascended from the Champ de Mars in 1867. It 
forms a perfect s^jbere of nearly 120 feet in dia- 
meter. The material used is a compound cloth, con- 
sisting of layers of muslin, indiarubber, and canvas, 
all firmly adhering together, so as to form a com- 
pact gas-proof skin. The exteiior is painted white, 
both for the sake of preservation, and to prevent 
the gas within becoming unduly heated by the sun. 
The balloon carries fifty passengers and two 
aeronauts, and the total weight which it raises is no 
less than 22 tons. 

The car is ring-shaped, and has an external 
diameter of 19 feet, the annular floor being a trifle 
over a yard in width. As in the previous captive 


balloons mentioned, the rope diminishes in dia- 
meter as it reaches the earth, so that if it ac- 
cidentally gives way, it will do so at its weakest 
part, and the major part of it will remain attached 
to the balloon* This cable is made of hemp. One 
of steel was suggested, but fears were entertained 
that it might form a tempting path for atmospheric 
electricity, to the danger of the passengei’s. 

The winding-drum consists of a hollow cylinder, 
33 feet long, connected with two powerful steam- 
engines. As the rope is paid out, these engines are 
so contrived that they act as air-pumps to feed a 
pneumatic brake. This brake so checks the balloon 
in its ascent, that when the limit of the cable is 
reached, the huge machine is brought to a standstill 
without any jerk or inconvenience to the passengers. 
The amount of work which the construction of this 
balloon entailed may be judged from the fact that 
the mere sewing of the seams employed 100 girls 
for one month. The cordage, the cable, and . the 
strength of the various materials used, each foimed 
a matter^ of serious study and calculation. Indeed, 
we may say that in this balloon the science of aero- 
station, so far as it can be represented by a 
captive machine, has been brought to the gi^eatest 
pitch of perfection. 
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;It 'will be seen from the forgoing remarks that 
the problem of aerial navigation has yet to be solved. 
Indeed, it is a question whether man will ever get 
hearer the consummation of his hopes in this direc- 
tion than he is at present But science makes such 
rapid strides, that we dare not say that this genera- 
tion will not see the wish fulfilled The considera- 
tion of the many difficulties which surround the 
subject will perhaps teach us as well as anything 
the littleness of man’s hopes and aspirations. The 
knowledge which is permitted him, outruns in a 
manner his power of profiting by it. The telescope 
teaches him that the world on which he lives is a 
very small planet compared with others in the same 
system. It also shows him distant spheres which 
form parts of other systems, so exceedingly remote 


that he is perfectly unabla to arrive at any oono^ 
tion of their distance. The nearer worlds which 
are in comparison so close to him, and which form 
planets revolving round the same sun which warms 
this earth, he knows to possess atmospheric pheno- 
mena. He concludes from all these things, that 
men like himself have their being there. But 
between him and them there is an everlasting 
barrier — a barrier which consists of emptiness, but 
one so strong, by reason of its a^-^ence of that air 
which is necessary to life, that it might as well be 
a wall of molten iron. He can look beyond that 
wall for millions and millions of miles, he can even 
tell the constituents of the stains he sees there, but 
he cannot ti*ead one step into that great unknown 
which he vaguely calls spaca 
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T he “ elements,” according to the ancient philo- 
sophers and the early cultivators of science, 
were four in number — namely, air, fire, earth, and 
water. This opinion, which w^as shared by the great 
majority of, if not by all, scientific men during the 
first half of last century, has been proved by modern 
scientific research to be very erroneous ; and yet, 
in consequence apparently of the length of time 
during which the dictum of these fathers of chemis- 
try on this subject was accepted without dispute, 
and with all but universal credence, it is by no 
means uncommon even in the present day to hear 
of what is supposed to be signified by these four 
words — air, fire, earth, and water — referred to as 
the four elements.” Elements, however, they are 
not — ^at least in the modem acceptation of the 
word. What we in the present day designate an 
element is a substance which, so far as we are able 
to demonstrate, consists of but one kind of matter 
only. Now air, by which we understand atmo- 
spheric air, and earth, far from being elements, are 
composed, it need hardly be said, of several dif- 
ferent substances, some of which are elementaiy 
and some compound. Fire is neither more nor less 
than the phenomenon caused by matter in a state 
of combustion j and water, with which we are more 
immediately concerned at present, is a true and 
well-defined compound, fsoxmaHog of two perfectly 
distinot kinds of matter. 


Water was declared to be an element by Aristotle, 
but it is right to remember, in giving him credit for 
this, that the word element in his day did. not pos- 
sess exactly the same significance that it does in the 
present. An element, however, he called it, and so 
it was regarded until the year 1781, when the dis- 
tinguished English chemist, Heniy Cavendish, fully 
and conclusively demonstrated its compound natui'e. 
This Cavendish succeeded in doing by means of the 
chemical process known as synthesis. 

Chemists are acquainted with two modes of 
investigation, whereby they are enabled to deter- 
mine the composition of com^DOund substances. 
These two modes are called syntliesia and analy-^ 
sis, and consist, as their names indicate, of a 
putting together and a taking asunder. 

To prove the composition of a substance by analy- 
sis, we take it to pieces, and show that it is a com- 
pound by producing each of its several constituents 
in a separate state. By the process of synthesis, 
on the other hand, we prove the same thing by 
putting together the different ingredients, and so 
producing a whole. Thus, we might show the 
composition of a watch, either by taking it asunder 
and producing the wheels, pinions, hands, dial, drc., 
each in a separate state ; or by putting these dif- 
ferent constituents properly together, thereby manu- 
facturing, so far, the complete machine. In each 
case we should have satis&ctorily shown that a 
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watch consiats of the diffcremt pieces named. We 
should in both instances have proved the same 
thing — vis., the composition of the watch — but by 
two different processes. 

The taking of the watch to pieces represents the 
process of analysis ; while the other operation, that 
of producing the compound machine by bringing the 
different parts together, illustrates that which we 
call synthesis. 

The compound nature of water can be very satis- 
factorily proved by means of either of these pro- 
cesses; but as it was by the process of synthesis 
that this was first done by Cavendish, this mode 
of showing its composition has always a i^eculiar 
interest for us, and shall therefore be ^t described. 

Water, as we have learned from the results of the 
experiments of Cavendish, consists of the two ele- 
mentary substances — hydrogen and oxygen — or, as 
he called them, inflammable air and dephlogisticated 
air. These two substances under all ordinary cir- 
cumstances are gases,*^ and when perfectly pure they 
are colourless, tasteless, and inodorous. The former 
— hydrogen — is exceedingly light ; it is much lighter 
than atmospheric air, and is, indeed, the lightest 
form of matter with which we are acquainted. 
Oxygen, on the other hand, is comparatively heavy, 
a given quantity of it weigliing no less than sixteen 
times as much as an equal volume of hydrogen. 
The most marked properties of hydrogen and oxy- 
gen are shown when they are brought in contact 
with a lighted match. Hydrogen in such circum- 
stances at once catches fire, while the buniing 
match, if plunged into the gas, is immediately ex- 
tinguished, which shows that this gas, though 
readily inflammable, is not a supporter of com- 
bustion. Oxygen, on the other hand, is not inflam- 
mable, but it is a supporter of combustion ; it will 
not burn itself, but it promotes in an eminent degree 
the combustion of bodies which are inflammable. 

Water has been chemically examined many times 
since Cavendish made his famous experiment, and 
these examinations, when properly conducted, have 
always yielded substantially the same results as 
those which he obtained, both as regards the dif- 
ferent kinds of matter which enter into the compo- 
sition of water, and the proportions in which these 
are present For it has not only been proved that 
water always consists of the two gases just named, 

* Until 1882 all onr efforts to produce oxygen or Hydrogen 
in any other form than that of gas were unsuccessful. A 
French experimentalist, however, reduced both these gases 
first to the liquid and then to the solid condition. Since this 
achievement chemists have ceased to speak of permanently 
idastic gases, 
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but it has been shown most oonchiEuvely that the 
proportions in which they are present are invari- 
ably the same. - In 9 lb. of water we always find 
1 lb. of hydrogen and 8 lb. of oxygen ; or if we 
measure the gases instead of weighing them, wo 
always find two volumes of hydrogen united with 
one volume of oxygen. 

If, therefore, we take, let us say, two pints ot 
hydrogen and one pint of oxygen, and mix them, 
and to the mixture apply a lighted taper, we shall 
at once cause the gases to ‘‘combine.” They wil) 
enter into chemical companionship with explosive 
violence, all traces of them will disapj)ear, and we 
shall have left in their stead, as the sole result of 
their union, nothing more than a few di’ops of pure 
water. In this way we prove the composition of 
water synthetically. We start merely with pure 
hydrogen and pure oxygen, we cause these to com- 
bine, and we obtain nothing more than pui*e water, 
demonstrating thereby that water is composed 
solely of these two substances. In Fig. 1 is shown 
a very sf mple piece of apparatus by means of which 
the composition of water may be j)roved by syn- 
thesis. A B is a strong glass tube closed securely 
at the upper end and open at the lower. It stands 
in a small trough, the bottom of which is covered 
about an inch deep with mercury. In the usual 
fashion this tube is filled with a mixture of hydro- 
gen and oxygen gases in the proportions already 
mentioned. It is then arranged in the mercury 
trough in the manner shown in the drawing, and 
the open end being securely closed by being finnly 
pressed against a piece of indianibber which lies 
on the bottom of the trough, the mixture in the 
tube is fired by the agency of an electric spark 
passed into the interior of the tube by means of the 
two wires which pass through its sides near the 
closed end. When the explosion has taken place, 
the lower end of the tube is slightly raised from 
the indiarubber cushion, when the mercury will 
immediately rise in the tube, filling it almost com- 
pletely, thereby showing that a partial vacuum has 
been formed. This vacuum being j>roduced proves 
that the gases which previously filled the tube have 
disappeared, and as there is nothing left in their 
place save a drop or two of water, we conclude that 
they have lost, by the chemical action which has 
taken place, their individual existence, and become 
converted into the compound which remains as the 
sole product of the change. 

By this experiment we prove not only that 
hydrogen and oxygen are the sole constituents of 
water, but we show, seeing that the entire quantity 
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ef eadi gts whidi we used was ocmsumedi that the 
proportiouB of these gases existiug in water most 



be those which we employed — ^viz,, two volumes of 
hydrogen to one of oxygen. If, for example, we had 
introduced two volumes of oxygen and one volume 
of hydrogen, or, in short, if we 
had taken any other proportions 
than those which we did employ, 
the whole of the gas would not 
have been consumed. This 
would have been shown after 
the combination had taken place 
by the mercury then occupying 
only a part of the tube instead 
of the whole, the remainder 
being filled by whichever gas 
had been used in excess. Thus 
if we had used equal volumes of 
the two gases, only half of the 
oxygen would have been con- 
sumed; the other half would 
have remained unchanged in the tube. And so we 
come to the conclusion, from the result of this 
qmthetical experiment, that water is composed of 


hydrogen and oxygen in the proportion of two 
volumes of the former to one of the latter. 

In Fig. 2 we have a representation of another 
form of apparatus which may be used to illustrate 
the composition of water. In the bottle a is a 
mixture of zinc, water, and sulphuric acid, three 
substances which when they are brought in contact 
generate hydrogen. The gas as it is produced is 
led by the exit tube b into the vessel o, which 
latter is filled with fragments of quicklime placed 
there for the purpose of drying the gas, which, after 
it has undergone this operation, issues at the exit 
tube D, when on being lighted it will bum with its 
characteristic non-luminous, pale blue fiame. If 
this flame be then covered with a cold vessel in 
the manner shown in the figure, the water 
which is produced by the burning of the hydrogen, 
or, in other words, by the union of the hydrogen 
with the oxygen which is always present in the 
air, will be condensed, and may be collected for 
subsequent examination by placing another vessel 
to receive the drops as they fall from the edge of 
the inverted jar. 

Having thus seen how the composition of water 
may be proved synthetically or by putting together 
its constituents, it now remains for us to show how 
its composition may be demonstrated by the con- 
verse process of analysis. There are various 
methods by which water may be analysed or re- 
solved into its component parts. The simplest of 
these is that in which we employ the power of 
electricity. To efiect the analysis of water by this 
agent we employ the apparatus shown in Fig. 3, 
which consists essentially of a glass vessel A, through 


the sides of which are passed two wires terminating 
inside the vessel in platinum plates and communi- 
cating externally with the opposite poles of a 
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galvanio battery (Vol. I., p. 46). The vessel a 
having been filled with water, to which a little sul- 
phuric acid has been added merely for the purpose 
of allowing a freer passage to the electricity, and the 
battery having been set in action, bubbles of gas 
will at once be given off, apparently from the two 
platinum plates. If two tubra filled with water be 
now inverted over the plates of platinum in the 

manner shown in the 
drawing, the bubbles of 
gas instead of escaping 
into the air will rise 
into the tul)es, displac- 
ing the water as they 
do so, and speedily fill 
them. On examining 
the gas so produced by 
applymg a lighted 
match to the mouth of 
the tube containing it, 
it will be found that 
th« gM in OM ot 
the tubes is of a highly 
inflammable nature, that in the other will not itself 
inflame, but will cause the match to bum much more 
rapidly. Thus while the gas in one tube extin- 
guishes the lighted match and catches fire itself, 
the gas in the other promotes the combustion of the 
match, but shows no inclination on its own part to 
ignite. These, we know, are the distinguishing 
properties of the two gases hydrogen 
and oxygen, so that by this experiment 
we have proved analytically that water 
is composed of these two substances. 

If the current of electricity from the 
battery were continued long enough, the 
whole of the water would in time be 
decomposed, and we should have nothing 
left save the hydrogen and oxygen, a 
fact which proves positively that these 
gases alone ai*e the components of water. 

By close inspection of the tubes 
marked h and o in Fig. 3, it will be 
seen that the amount of gas in the h 
or hydrogen tube is twice as great as that 
the oxygen tube. This result is strictly confir- 
matory of that which we obtained by synthesis, 
for it will be remembered that when we produced 
water by causing its constituents to combine, we 
required always to employ twice as much hydrogen 
as oxygen. By carrying our analytical experiment, 
however, a stage further, we can have additional 
proof of the accuracy of our previous results; and 
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this we do by arresting the action of the battery 
when the hydrogen tube has just been filled, at 
which point we know the oxygen tube will only 
be half filled. Having thus procured two volumes 
of hydrogen and one volume of oxygen as the 
result of the decomposition of the water, we 
transfer both gases in the proportions in which 
we have received them to the strong glass tube 
used in the first exi>eriment, and rei)eating that 
expeiiment by jmssing an electric spark into the 
mixturo, we determine the union of the gases, 
and so reproduce the water which we have just 
decomposed. 

Water may be analysed or decomposed in many 
other ways. By the action of the metal potassium, 
for instance, at ordinary tempemtures, or by iron 
at a red heat, water is at once rosolved into its con- 
stituents, the hydrogen being given off in the free 
state and the oxygen being seized by the metal. In 
Fig. 4 an apparotus is shown, by means of which 
water may be decomposed by the action of red-hot 
iron. To the extreme left is placed a retort con- 
taining water which is made to boil by means of 
the lamp placed beneatli it. The steam thus pro- 
duced is conducted by the exit-tube leading from 
the flask into a gun-barrel filled with iron turnings, 
which, with its contents, is maintained at a red 
heat by the little furnace P through which it 
passes. To the right end of the gun-barrel is fitted 
an exit-tube for the purpose of allowing the gas 
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generated to escape. The apparatus being thus 
prepared, the gun-barrel is heated to redness, and 
the water in the retort is boiled. The steam arising 
from the boiling water is forced into the hot iron 
tube, where, by the action of the heated metal, it 
is at once decomposed. The oxygen, as already 
explained, is rotained by the iron, and a new com- 
pound oxide of iron is pr^uced, while the hydrogen, 
being thus separated from its companion, passes on 
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througli the exit-tube, at the extremity of which it 
may be ignited, and the water whi^ it produoes in 
the process of burning collected for examination in 
the mode shown in Fig. 2. 

We have tlius fully proved, both by synthesis 
and analysis, that water is not an elementary sub- 
stance, but is a true and well-defined chemical 
compound, consisting invariably of the two gases, 
hydrogen and oxygen, in the proportion of two 
parts by measure of the former to one of the latter. 

In considering the properties of water, one cir- 
cumstance specially arrests our attention ; that is, 
its perfectly neutiul character. It has no taste, no 
smell, and almost no colour ; it is neither acid nor 
alkaline, and when quite pure it is perfectly 
bright and transpai'ent. It evapoi*ates at all tem- 
peratures, and under the oixlinaiy pressure of the 
air it boils at 212'" Fahr. The boiling-point, how- 
ever, is very much infiuenced by pressure, as has 



Fig, 5.— Water made to Boil hy the Application of Cold. 


already been discussed in previous articles (Vol. I., 

pp. 30, 70). 

A simple mode of showing the effect of the pres- 
sure of the air in infiuencing the boiling-point, is to 
place some boiling water in a fiask, the mouth of 
which is capable of being securely closed. In a 
few seconds after the fiask has thus been made air- 
tight, the water will become quite quiescent, and 
if, when it is in this condition, the fiask and con- 
tents be suddenly cooled, the latter, in consequence 
of tiie diminution of pressure caused by the conden- 
sation of the steam, will immediately begin to boil. 
A convenient mode of carrying out this seemingly 
paradoxical experiment is shown in Fig. 5. 

When water is heated in close vcsssls, the tension 
or elastic power of the vapour or steam which is 
thereby generated becomes enormous. The Marquis 
of Worcester burst cannons by its power ; and, as 
eveiy one unfortunately is but too well aware, the 


strongest steam boilers are occasionally ruptured by 
the same foroa 

It is, indeed, to this force exerted by water-vapour 
that we are indebted for all the benefits we derive 
from the labours of the steam-engina When water 
is converted into gas—or steam, as it is sometimes 
called — ^it expands to no less than 1,660 times its 
original volume, and in this fact we have an ex- 
planation of the great force which is generated 
when water is made to boil, or assume the gaseous 
state in closed vessels (Vol. I., p. 104). 

Water, in common with some other liquids, can, 
by being heated strongly and suddenly, be made to 
assume a peculiar condition, in which, though warm, 
it never reaches the. boiling-ix)int We can biing 
water into this spheroidal state, as it has been called, 
most simply by allowing a drop or two to fall into 
a red-hot metallic basin. The water, when it comes 
in contact with the hot metal, instead of boiling 
violently and disappearing almost instantaneously, 
as we would naturally expect it to do, collects in 
the form of a sphere, and moves over the heated 
surface without appearing at fii*st to evaporate 
at all. 

Indeed, although apparently resting on and sur- 
roimded by i*ed-hot metal, the globule of water re- 
mains comparatively cold; it does not even approach 
the boiling-point, and it can by a little dexterity be 
easily touched by the finger, without any great feel- 
ing of jmin being exi)erienced. 

When water is in this spheroidal state, although 
it does not boil, it evaporates quite distinctly ; and 
although this evaporation proceeds very slowly, it 
will continue, if a sufficiently high temperature is 
maintained, until the water is entirely dissipated. 
If the temperature, however, is allowed to fall, the 
water at a certain point will enter into a state of 
violent ebullition, and will almost instantaneously 
be wholly converted into steam. 

The explanation of this curious behaviour of water 
is very simple. At the exceedingly high temi)erar 
ture to which it is suddenly exposed, a small por- 
tion of it is instantly changed into vapour, which, 
as it is generated and exists between the heated 
metal and the water, acts as a screen or shield, 
and prevents the water from coming into immediate 
contact with the red-hot surface. 

The water, in fact, does not touch the metal at 
all on which it appears to lie, but is separated as 
truly and completely from it as if some non-conduct- 
ing material, such as a piece of incombustible cloth, 
were interposed between them. And so long as 
the hot surface is maintained at a temperature 
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sufficiently high to provide the necessary amount of 
the non-conducfcing vapour screen, so long will the 
water remain in the comparatively cold spheroidal 
state. If, however, the temperature be allowed to 
fall, and thereby the necessary supply of this pro- 
tecting screen be cut off, the water will come in 
actual contact with the heated metal, and will then 
be almost instantaneously converted into steam. 

Keeping in remembrance this curious property 
of water, many of the i>erformances of the fire- 
eating magicians, which ap];>eared to us so wondrous 
in our younger days, dwindle into mere common- 
place tricks. All that is required to enable one to 
lick, handle, or tread upon a piece of i^d-hot iron 
is a little dexterity, and the careful wetting of the 
tongue, hand, or foot before commencing the experi- 
ment. When we place our wet hand on red-hot 
iron, the water, or part of it, is immediately con- 
verted into vapour, which acts as a shield and 
protects the skin from being burned by preventing 
it from coming into real contact with the heated 
metal. The escape of many persons from the 
ordinary effects of the fiery ordeal in olden times is 
no doubt also ascribable to the same cause. 

Other liquids besides water can be made to 
assume the spheroidal state, and as liquids in this 
. condition are always colder than they are when at 
their boiling-point, it follows that if we cause a 
liquid whose boiling-point is very low to assume 
this condition, we shall have thereby an exceedingly 
low temperature produced. Indeed, by a simple 
arrangement, the description of which, however, 
does not come within the scope of this paper, it is 
quite possible in this way in the course of a few 
seconds to produce sufficient cold to freeze water, 
and that while it is contained in a red-hot vessel. 

We have already seen that one effect of the ap- 
plication of heat to water is, by converting it into 
gas, to cause it to expand enormously. When in 
the liquid state, water also expands under the influ- 
ence of heat, though not nearly to the same extent 
This being the result of the action of heat upon 
water, it is a very natural conclusion to come to 
that the application of cold would have an exactly 
opposite effect And to a limited extent this con- 
clusion would be quite correct, for until it is cooled 
to a certain point water does expand by heat and 
contract by cold. Beyond this point, however, it 
no longer follows the general rule, and instead of 
expanding by heat and contracting by cold, as 
almost every other substance does, it takes the 
very opposite course, and contracts by heat and 
expands by cold* If water at the ordinary tem- 


perature of the air be cooled it will contract, in 
obedience to the general law, and it will continue to 
do so as the temperature is lowered until 39® Fahr. 
is reached, at which point a wonderful change 
takes place. Now the continued application of 
cold will cause the water to expand, so that water 
at this temperature possesses the curious property 
of expanding by the application of either heat or 
cold. Water at this temperature is, therefore, in 
its most condensed condition, and hence 39® has 
been called the point of the maximum density of 
water. It may be well imagined that this peculiar 
property has not been conferred upon water with- 
out some very good reason existing therefor, and 
this reason we can easily understand if we recall to 
memory the different circumstances under which 
we should be placed if matters in this respect were 
not as they now are. If this liquid were to obey 
the general law and contract by cold ai all tem- 
l)eratures, such effects would be produced that our 
climate would soon be scarcely habitable, and many 
parts, even of Europe, would be rendered quite 
unfit for man*s existence. Our lakes and rivers 
would in a short time become solid masses of ice 
from top to bottom, which would rarely or never 
be completely melted, so that fish and all other in- 
habitants of these storehouses of animal life would 
ere long cease to exist. The water of wells and 
water-courses liable to freeze would, during the first 
haixi frost, be rendered solid throughout, which 
would most effectually cut off our supplies of water, 
so that, if we escaped alive from the iigour of the 
climate, we should be in imminent danger of 
perishing of thii*st. 

These dire catastrophes, however, have all been 
rendered impossible by this peculiar property which 
has been conferred upon water. 

To understand how the effects just described 
would be produced if water obeyed the ordinary 
law, let us bear in mind, first of all, that when a 
substance contracts it becomes specifically heavier. 
Thus, a piece of iron at a temperature of 32® weighs 
much more than a piece of the same metal of exactly 
the same size at a temperature of 500® ; and in the 
same way would a quantity of water at 32® be 
heavier than the same bulk of water at 40®, if the 
ordinary law had held good in its case. Supposing, 
then, for the sake of illustration, that water ex* 
hibited no exception to this law that substances 
expand by heat and contract by cold, let us look 
for a moment at what would be the effects of one 
night of hard frost in our country. The sun sets, 
the ail* gets cold, and it immediately begins to cool 
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lur&oe water the lake, on the banks of 
which we are supposed to be making our obaervar 
tiona This water, bj being cooled, would of course 
become heavier, and would therefore sink, warmer 
and lighter water rising to occupy its place. In a 
very short time this water would also be cooled by 
the cold air, and would sink, giving place to warmef 
water fiom below, and so this circulation would 
continue until the cooling operation had gone so 
fisr that the top layer had fallen to 32% when of 
oourae it would become ice, and would forthwith 
sink to the bottom. Another portion would take 
its place to undergo the same change, and so the 
freezing operation would rapidly proceed until the 
whole of the water of the lake, no matter what its 
depth, would be converted into a solid block of ice, 
which, in the case of most lakes, would be of such 
thickness as easily to withstand the liquefying 
effects of our summer sun. The same effect, it is 
' hardly necessary to remark, would be produced on 
all waters — whether rivers, ponds, or wells — which 
are liable to be affected by frost. What this would 
lead to can hardly be imagined. The inhabitants 
of England, under the conditions which would 
result, might be able to keep themselves alive, but 
life in such circumstances would not be desirable, 
certainly not enjoyable. 

From this we are in a position to form an idea 
of some of the results which would have taken 
place if water had at all temperatures obeyed the 
general law, and expanded when heated and con- 
tracted when cooled ; and having seen this, let us 
now investigate carefully what really does occur 
when water freezes. For this purpose we will 
again take our stand on the banks of a lake — pre- 
ferably on a clear winter evening — and at once com- 
mence operations by ascertaining by means of two 
thermometers the temperature of the water at the sur- 
face and at the bottom, and we find, let us say, that 
these are 48° and 46° respectively. A cold wind 
sweeps over the surface of the lake so that the 
tempc^rature of the water there is 8i)eedily reduced, 
let us say, to 44°. By this reduction in temi^ra- 
ture it contracts and becomes specifically heavier, 
when of course it sinks and displaces the compara- 
tively light and warm water below, which rises to tlie 
surface, gets cooled below 44°, and immediately 
falls, displacing the warmer water at the bottom, 
which in turn rises, gets cooled, and falls, its place 
being again supplied by lighter and warmer water. 
And so the cooling and sinking process goes on, the 
upper thermometer always indicating the highest 
temperature, when suddenly the magic point 39° is 


reached, when all movemeut at once ceases^ The 
upper layer ,of water is still exposed to the cooling 
influence of the wind, and it speedily falls in tem- 
perature, but it still retains its place. Our upper 
thermometer shows plainly that the water which 
surrounds it is being rapidly reduced in tempera- 
ture, but the lower one remains stationary at 
39°. At that temperature we know that water is 
heavier than at any otl^cr, and there like a stone it 
remains at the bottom, and as it is fully protected 
from outward influences by the mass of superin- 
cumbent water, its temperature remains very much 
at the same point. The water on the top, however, 
having nothing to protect it, gets colder and lighter 
every moment Down the thermometer goes to 
37°, 36°, 32°, and then a slight breeze ripples the 
surface, and the next moment a thin sheet of ice 
spreads itself over all The ice, however, is colder 
and lighter than the water, so that it floats on the 
surface and acts as a blanket, protecting the com- 
paratively warm and heavy water below from being 
cooled. During even the severest winter, there- 
fore, only a thin sufjerficial layer of ice is formed, 
which serves all the useful and ornamental 
purposes required of it, and when its duty k 
finished it readily melts and disappears uudei 
the genial influence of the first few warn days of 
spring. 

In another respect than that just mentioned 
water is peculiar, and is accordingly admirably 
suited for many purposes to which it is applied 
What is known by scientific men as specific heat 
is in the case of water very high. Indeed, water 
has a higher s{)ecific heat than any other single 
substance known, and we shall presently see how 
this property renders water so useful to us. 

What is meant by this term specific heat — or, 
as it is sometimes called, capacity for heat — may per- 
haps be most easily rendered plain by saying that it 
refers to the temperature to which a given quantity 
of a substance will be raised by the application to 
it of a certain quantity of heat. All substances 
are not affected in this way to the same extent ; 
hence we say the capacity for heat or the specific 
heat of different substances k d’^imilar. If, for 
example, we . take a pound of water and a pound of 
mercuiy and add to each precisely the same amount 
of heat, we shall find that while both have risen in 
temperature, the mercury has done so to a much 
greater extent than the water. Mercury, therefore, 
it seems, is much more easily heated than water, 
and this flstot is expressed in scientific language by 
saying that the specific heat of mercury is lowef 
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than that of water, in which respect, as already in- 
dicated, mercury is similar to every other single 
substance with which we are acquainted. 

The exceptionally high specific heat possessed by 
water is useful to us in diflterent ways. For instance, 
if we in Great Britain, instead of having water 
encircling our shores, had been surrounded by an 
ocean composed of mercury or of some other liquid 
possessing a similarly low specific heat, our climate 
would have been of a very difierent nature from 
what it is. A liquid having a low specific heat is, 
we know, easily raised or lowered in temperature, 
so that our mercurial ocean when the summer sun 
beat upon it would very speedily become warm, 
and that without absorbing much heat. The air, 
accordingly, being much influenced in tempemture 
by the heat of the ocean, would soon become un- 
comfoi^tably hot. And on the other hand, when 
the sun got less strong and winter winds began to 
blow, the mercury ocean would very quickly 
become cold, and the aii* of course would speedily 
do likewise. Our climate, therefore, would be 
very variable, and subject to great and sudden 
alternations of heat and cold. In summer it would 
be overpoweringly warm, and in winter unbearably 
cold. Surrounded, however, by an ocean of water 
with its high specific heat, such unpleasantly ex- 
treme changes are impossible. When the blazing 
summer sun beats on our shores, an enormous 
amount of heat is absorbed by the surrounding 
water without it being thereby rendered much 
warmer ; the air is, therefore, kept comparatively 
cool. When, on the other hand, chilling influences, 
in the shape of winter winds, come into play, the 
ocean, being very difficult to cool, retains its heat 
for a long time, and as a matter of course keeps the 
air above it tolerably warm. In consequence, then, 
of this great capacity for heat possessed by water, 
we can never, in our insular position, suffer either 
the scorching heat or the severe cold experienced 
in continental summers and winters. 

In another way this valuable property renders 
water useful to us, and that is as a cooling agent. 
We know that nothing will cool us more quickly 
or completely than water, applied either externally 
or internally, and this power, it need hardly be 
remarked, is owing to its high specific heat. 

We have already seen that water expands when 
it is cooled beyond a certain point ; on changing 
from water to ice it expands still further — to the 
extent of 1-1 1th part of its volume, so that 11 
volumes of water will form 1 2 volumes of ice. The 
expansion consequent upon this chanj^ from the 
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liquid to the solid state takes place with almoet 
irresistible force. Strong iron bottles are imme- 
diately raptured by it, and we are all aware of its 
destructive effects as illustrated in the bursting of 
the water-pipes, <kc., of our dwellings, which some- 
times occurs during an unusually severe frost 
This force is one of the most important agents in 
the disintegration of our rocks and soils. This im- 
portant process is effected by water in the summer- 
time percolating into fissures and cavities of the 
rocks, which, when the water changes to ice during 
the cold of winter, are rent and torn asunder by 
the enormous expansive force thus generated. 

Water is one of the most abundant substances in 
nature, two-thirds of the earth ^s surface being covered 
with it. It is also present in the air in enormous 
quantities in the form of vapour ; as snow it covers 
the summits of many mountains, and as ice it forms 
the vast “ floes ” or “ fields ” in the Polar regions. 
It is also present in most animal and vegetable 
substances, and even in many minerals. 

Taking vegetables, for instance, there is in turnips 
and cabbages 90 per cent, of water ; in mushrooms, 
96 ; in cucumbei's, 97 ; in apples, 80 ; in potatoes, 
75, and so forth. 

All natural waters are more or less impure, and 
as water is in such common use for dietetic purjx)ses 
it becomes a matter of great importance to be able 
to distinguish sharply and decidedly between water 
which is dangerously impure and that which, though 
very impure from a chemical point of view, is yet 
perfectly wholesome. The solving of that problem 
belongs to the domain of analytical chemistry, and 
does hot in any way come within the scope of this 
paper. It will not, however, be altogether out of 
place to mention briefly one or two of the more 
common impurities of water, such as are found in 
our lakes, rivers, and wells. Absolutely pure water 
is not suitable for drinking purposes ; for, besides 
being insipid and uninviting, and even to some- 
|)eople nauseous, it is positively unwholesome. 
Bright, fresh spring water, such as is at once both 
pleasant and wholesome, is, strictly speaking, very 
far from being pure. It contains in solution not 
only different gases to which it owes its bright, 
sparkling appearance and invigorating and refresh- 
ing taste, but also a certain amount of earthy 
matter, such as carbonate or sulphate of lime, or 
similar salts of magnesia. 

When these earthy matters are present in small 
proportions only, they do not affect injuriously the 
character of the water containing them, but if they 
occur hi excessive quantities, as they frequently do, 
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they then most serioiudy impair ito msefolnen for 
many domestic purposes. Waters vhidiooiitam only 
small quantitieB of these lime and magnesia com* 
pounds are said to be “ soft,” while those which con* 
tain them in greater proportion are described as 
being “hard.” 

It is not advisable to use habitually a very hard 
water either for culinary or dietetic puiposes ; the 
presence, however, of a fair amount of these saline 
impurities — the occurrence of which constitutes 
“hardness” — ^rather increases than impairs the value 
of water as a beverage. There are, though, it should 
never be forgotten, certain other impurities some- 
times found in water which render it quite unfit 
for use, and which have, indeed, been the cause of 
much disease and suffering, when water containing 
them has been used for dietetic purposes. 

Of tlie manifold uses of water it is almost un- 
necessary to speak ; they are universally known and 
appreciated. In each of its three conditions this 
most invaluable substance is of incalculable benefit 
to mankind, from a sanitary and economic point of 
view, as well as a medical agent, and an aid in 
various scientific researchea 

The extent to which ice is now employed by 
people in general as an article of utility and luxury 
may be imagined when we learn that in the London 
district alone more than a hundred thousand tons 
are used in this way during the season ; while in 
New York the consumption during a similar period 
is six times greater. With the laudable intention, 
no doubt, of moderating the heat often felt and 
displayed by some of our more zealous legislators, 
no less than one ton per night ice is used 
in the refrigerating department of the House of 
Commons. 

In water we have not only an immense storehouse 
filled with countless numbers of creatures fitted for 
food, but we also possess by its agency a most 
efficient highway between countries widely separated, 
and which could not be brought into communication 
with the same ease by any other meana 

The water of the sea also acts as a vast cesspool, 
which receives all refuse matter from the land, and 
not only receives it, but so alters and chemically 
changes it as to render what would assuredly 
become on land highly noxious and prejudicial to 
healrii quite inert and harmlesa 

Water, also, in consequence of its great solvent 
powers, is a most valuable detergent agent Indeed, 


no otiier Bubstaiioe that we are acquainted with 
could replace it in cleansing operations. It is alab 
invaluaUe— in fact, indispensable— as a beverage 
and as a cooking ag^t. 

Besides being so exceedingly useful, water is also 
in the highest degree ornamental, contributing not 
a little to the beautiful and charming variety of the 
globe which we inhabit The ever-changing masses 
of cloud, and the gorgeously coloured rainbow, which 
it is impossible to contemplate without feelings of 
admiration, are due to the action of watery vapour 
on sunlight ; and we aio all aware how much the 
landscape owes to the effect produced by water, 
whether in the form of the clear placid lake, the 
slowly flowing river, or the bounding waterfall, 
or by the various phases assumed by that “ image 
of eternity,” the dark and deep blue ocean. 

In its third condition of vapour, we have also an 
agent of great utility, and it is only necessary to 
mention the word “ steam ” to recall what we in 
this country owe to water-gas. By the aid of this 
giant we may be said to maintain our supremacy 
among the nationa By it we move our huge iron- 
clads, weighing many thousand tons, from place to 
place as if they were toys, and by its means we can 
transport ourselves on the iron roads which it has 
made for us at a screed exceeding that of the fleetest 
racehorse. Our 80-ton guns and our pens are pro- 
duced by the agency of the same power, which 
drives also our cotton-mills and our printing-presses, 
our lithographing machines and our paper-making 
machines, and which also not only ploughs the land 
and I'eaps the crop, but besides grinds the flour and 
makes it into bread. 

Many things which we regard as of the highest 
utility can to a certain extent be replaced by others, 
but nothing -can replace water. The world at one 
time got on without iron, without even coal, but 
never without water. It being so necessary to our 
existence and happiness, bountiful Nature has made 
it very plentiful, and on that account it does not, 
as a general rule, excite either surprise or admiration 
in the mind of the ordinary beholder ; notwithstand- 
ing this, however, water is not only a substance of 
the greatest importance, but it becomes to us, when 
we have made ourselves conversant with its many 
wonderful properties and the beautiful and complete 
mode in wUch it fulfils its numerous and all-im- 
portant functions, a subject of profound interest and 
admiration. 
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T he announcement pure gold ^ is so frequent 
in our shop windows and elsewhere that it may 
seem strange to say that until the last year or two 
no such thing was known. Yet this is strictly 
true. With infinite pains and numberless precau- 
tions the chemist of the Mint has succeeded in 
preparing a standard gold plate in which the most 
delicate tests fail to recognise the presence of any 
impurities ; and this is the first time that really pure 
gold has been seen. One of the most experienced 
of assayera was therefore perfectly justified in 
declaring recently that he had never met with pure 
gold in nature ; and, further, that he had never met 
with native gold free from silver. 

But if it be true that the finest gold-dust and 
the largest nugget both contain silver in every case, 
and commonly several other foreign substances, it 
is also true that the proportion of these things is 
so small that one of the characteristics of gold is 
the “ clean ” state, so to si)eak, in which it is chiefly 
found. Indeed, hitherto, almost all the gold dug 
has been ** native.” In time to come this will 
probably not be so much the case. 

Inexperienced people have often mistaken a 
variety of minerals for gold — ^bright yellow mica or 
pyrites * generally — but a very limited knowledge 
of its properties would have saved them from the 
possibility of error. The great weight of gold alone 
separates it sufficiently from all substances at all 
resembling it in colour. Then it can be beaten out 
into thin sheets in a manner unapproached by other 
metals, whilst the way in which it stands the ordeal 
of fire, only melting when the heat reaches about 
2,840® Fahr., and coming out of the furnace practi- 
cally unscathed, is also unique. 

All these qualities, added to the difficulty of 
finding it, have long ago placed gold at the head of 
the aristocracy of metals. Since the days when 
Pactolus rolled over its golden sands, men have 
sought for it, fought for it, and died for it. No 
fruit of the earth has been so long studied and 
speculated on. Nevertheless, none has been so 
little known, or so thoroughly misunderatood as to 
its circumstances of deposition and mode of origin. 
So fSar as we know at present, gold, in its most 

* Ohemically, lulphide of iron— the some substance which is 
known as ** diamonds in roofing d»te% and as '^thunder- 
bolts” in the dialk. 


ancient setting, occurs associated with quartz, or 
impure rock crystal, in veins cutting through rocks 
of various ages, but mostly belonging to the older 
divisions of the ‘‘Palseozoic” series (Frontispiece, 
Vol. I.), and also disseminated in those rocks 
themselves. 

These gold veins differ in some essential particu- 
lars from ordinary veins, such as those containing 
copper, lead, or tin. Tliey form courses of quartz 
varying from a few inches to a hundred feet or 
more in width, running through the beds of rock 
like great dykes, and often, owing to the great 
hardness of the quartz, standing out like walls 



Fig. 1.— A Gold Quaxtz “ Re«f.” 


many feet above tbe surfece of the country. Hence 
the appropriate name “reef” applied to them 
(Fig. 1). 

At other times reefs are irregular, shapeless, 
quartz-filled spaces, "without apparent order, and 
very unlike lodes of baser metals. In Fig. 2 we 
have a section showing a Victorian gold vein of this 
character. It will be seen that no dislocation of 
the encasing bedded rocks necessarily attends the 
presence of reefs. It will also be noticed that from 
surface appearances little or nothing could, in cases 
of this ]^d, be predicted as to the probable width, 
direction, or continuousness of the vein below 
ground. Still, by dint of practice, gold prospectors 
have come to know — or to think they know — when 
the quartz looks “ kindly” — that is, whether it is 
likely to hold gold or not. If the “ kindly ” lode 
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be justified, gold may possibly be seen at the out- 
«rop of the reef, but more usually it will have to 
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Fig. 2-Quartz Beef at Fryer's Creek, Victoria. 

be separated, by haixl and tedious mechanical labour, 
from the quartz in which it lies concealed in specks 
too small for the eye to distinguish. In either case 
the surface apjiearances are apt to be deceptive, for 
auriferous quartz contains many other substances 


We have no means of ajmrtaining the exact geo- 
logical date of the in-filling of the reefs, but there 
is much good reason for believing that 
V chiefly at the dose of the 

T^\ -M V' ‘ Palaeozoic” times. From that period 
n I \ \ \ \' to the latest within the scope of 
^\ \ \ history of these veins is 

\ i \ I \ ^ blank. We know nothing of them 

Jprl i I until we see them in post-teiiiary,” 

\ ul j. or, as some say, “quaternary,” times, 

"I \ \ 1 cropping across the exposed edges of 

‘ I ^ the ui)tilted and altered rocks, much 

\\ i ^ in the same position as we find them 

I -f \ 0 now. Tlien, as now, the decomposi- 

\ tion along their exposed edges was 

:'l-y carried on chemically by air and rain, 

i the eroded quartz — “ mice-eaten,” as 
) r the miners call it — detached itself and 

^ crumbled, leaving the heavier gold 

I behind it, and then, as now, or 

A perhaps more than now, the constant 

I I waste of the land called “denuda- 

tion,” slowly but surely carried on its 
work of destruction and change, 
transporting quartz and gold, as gmvel and nugget, 
to the neighbouring slopes and gullies, and as sand 

^ '^\^\^\\\\\\\^\^^^ Topsoil. 


besides gold — and those, too, in a chemical form 
that renders them peculiarly liable to decomposition 
by atmospheric agencies. Now, the quartz being to 
some extent held together, as it were, by these sub- 
stances, becomes, when they are decomposed, itself 
crumbled down, and the heavier unaltered and 
almost unalterable gold remains at the surface, 
mvnm much of the matter which originally accom- 
panied it It follows, therefore, that a reef is often 
richest at the surface — not, as has for years been 
very generally believed, because the gold occurs in 
greater quantity in the upper portions of the reefs, 
but by a mere effect of wearing away. At the 
present day, in California and elsewhere, gold-mines 
are being worked which have grown richer and 
richer as they got deeper. 

Although, as has been mentioned above, the gold 
is not often visible to the naked eye in the quartz, 
it occasionally happens that lumps of considerable 
size are found embedded in the white or reddish 
quartz rocks — the “ matrix ” of geologists. Thus, a 
hundred-weight of gold was once foimd in a reef in 
New South Wales, in blocks, of which the hugest 
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«xid clay and dust to the more distant riyer-vaUeys. 
The quarts-miner imitates Nature in a rude way by 
crushing the quartz in stamp-mills, and then col- 
lecting the gold from the crushed mass by various 
diemical expedients. 

It is in these gravels, sands, and clays-^olleo- 



Fier. 4.— Diagrammatic Dlustration of a Digger's ** Claim." 


(A) Bottom Ruck (Silurian) MiM 


Batinit (false botioiti); (0) Uidi Wash-Uirt; (u) Older Drift: 
ewer Drift, with existing Stream. 


tively known as Drift — that nine-tenths of the gold 
of the world have been found. It is only within 
recent years that the parent reefs have been syste- 
matically attacked. In these Drifts (Fig. 3) the gold- 
digger of early Australian and Californian times 
worked. They are still the poor man’s diggings, 
requiring little capital to wash out the gold, while 
the quartz-reefs demand a considerable outlay. In 
California they are known as ** placers ” The depth 
of the Drift is always very 
limited, but that of the reefs ^ 
has practically no limit. 

The Gold Drifts are rela- ^ 
tively of different ages. Thus, 


further search is useless, and the disappointed 
hatter” stiikes his camp, and departs to other 
fields. Soon after comes the digger’s gleaner — the 
humble “fossicker.” He is content with smaller 
earnings than his predecessor, and works the 
deserted claim ” in his turn. By luck, or instinct, 
or perhaps even by experience, 
he fancies the hard rock may 
be but a false bottom,” and 
by dint of patient toil sinks 
through it. Foitmie (in this 
imaginary case), favours the 
brave, and, sure enough, below 
the bottom rock, clays, sands, 
and gravels occurs once more, 
— with possibly a rich aurifer- 
ous wash-dirt and “cement,” 
or conglomerate, at the base, 
resting, this time, on the 
beds — the true “ bottom.” 
Here let us leave our “ fossicker ” rt\joicing in a 
“ lob ” of gold such as in real life “ fossickers ” 
seldom find, in “ spangle,” “ paint,” “ fiour,” 
“heavy,” “shotty” gold, and “nuggets” — and see 
how geology explains the matter. 

In the valley, c, there accumulated in long-past 
times the auriferous Drift fix>m the hills. Theji 
came the overflow of a volcanic einiption, filling 


denuded Palceozoic 



they consist not only of de- 
posits due to existing streams, ^ 



but often represent tlie debris 
bi'ought down by rivers long 
since dried up and lost In 
Australia this has more than 
once been illustrated in this 
manner. A lonely digger, 
whom, in his own slang, we 
will call a “ hatter, ” opens out 
a solitary “claim” (Fig. 4) in the valley of an 
existing water-course, and sets to work digging and 
washing. The gold-bearing loam, or “ wash-dirt” — 
the “ pay-dirt” of the Californian — is poor, and after 
a time the “ bottom” or hard rock is reached. The 
miner’s hope rests on getting to the “ bottom ” or 
“ bed rock.” Here the heavy gold worked down by 
the stream will have settled. If it is to be found 
anywhere, it will be hera If the “bed rock” 
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riches in their course, then all 


Fig. 5.— Maine Boy’s Tunnel, illustraUng the old Lava-covered Gold-Drifts of California. 


the valley with lava — now basalt. Such eruptions 
were frequent in Austmlia up to almost within the 
historic period. Next followed the inevitable “ de- 
nudation” or wearing away of the cooled and 
hardened lava, the bottom rock of the unsuccessful 
“hatter,” and the establishment of the existing 
stream with its valley and gold-bearing deposits — 
necessarily poorer, however (time of formation 
and reduced area considered) than the older and 
lower “wash-dirt.” Though our “liatter” and 
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^^foesidEet*’ be persons of no particular conse- 
quaioe^ they have served to illustrate facts of 
common occurrence in Australia and North-west 
America (Fig. 5). The great gold ^Meads” of 
Ballarat are, many of them, merely old river-beds 
underlying, and, so to speak, ** bottled up” by, 
great sheets of basaltic lava ; and the same thing 
happens in the Far West 

In some rare instances true gold lodes are found 
unassociated with quartz. They thus occur in 
Transylvania, at the Vorbspatak mines, where 
veins of carbonate of lime are worked of which 
the sides or cheeks” consist of symmetrical 
layers of gold varying from one-half to one milli- 
metre in thickness. In this exceptional case, the 
containing or “ country ” rock is of igneous origin 
— an old quartzose lava known as Dacite — and the 
gold is often beautifully crystallised in perfect cubes 
and octahedra. 

But besides occurring in detached and more or 
less rolled fragments in Drift, or encased in the 
quartz of reefs, or less frequently in other forms of 
veins, gold is found disseminated widely, though 
thinly, throughout the rock-formations of the 
world. In this condition, however, so minute 
usually are the proportions in which it has hithei*to 
been detected, that its presence can only be made 
manifest by means of delicate chemical tests. The 
ancient quartzites of Scotland, the basaltic dykes 
of Britain, the Carl)oniferou8 Limestone of Bristol, 
the Coal-measures of New South Wales, the Triassic 
and Jurassic rocks of the Continent — all these have 
yielded the precious metal to the analyst 

Such are tlie loading facts. How are they 


explained t Whence this all but universal presence 
of gold) whence.its concentration in certain veins t 
and whence its wide dissemination in rocks of all 
ages t Conclusive answers to these questions there 
are none, probable answers there are a few, but (rf 
possible and impossible the number is, as might 
be ex{)ect6d, great 

Were the fissures or veins filled by the condensa- 
tion of heated fumes from below, from the interior 
of the earth 1 or by depositions from mineral waters 
similarly heated 1 Or were they filled entirely from 
above, from the tricklings and evaporations of our 
surface waters] Are the veins the result of all 
these agencies combined ] These are a few of the 
oft-discussed but still doubtful points as to lodes. 
But they scarcely touch the subject of dissemi- 
nation in sedimentary rocks. Here there are 
but two probabilities. Either the gold is due to 
the erosion of pre-existing veins — and this is un- 
doubtedly true for sorne of it — or it is due to 
the sea. 

This last alternative is perhaps startling, but 
when we add that it is now ascertained that all sear 
water contains some gold, and when we reflect on 
the timeless age of the ocean, on its presence in 
former times wherever bedded rock is found, it will 
be readily admitted that here, at last, we may have 
a cue to the origin of much of the gold as we now 
find it. But Nature loves to work in various ways, 
and if we must, according to the present state of 
our knowledge, look to the sea as the gi*eat golden 
treasury of the globe, we must yet I’emember that 
co-operation from some of the other sources enu- 
merated above may also have been brought into play. 


THE SUN OUR FIRE, LIGHT, AND LIFE. 

By Richard A. Proctor. 


CONSIDERED the sun as ruler of the solar 
system before considering him as the source of 
nearly all the light and heat received by that system, . 
because the study of the heavenly bodies and their 
movements leads us first to recognise the sun’s 
power as a ruler. It is in this power in fact that 
we find the explanation of motions which otherwise 
could not possibly be understood. It is only because 
the sun’s mass, and his consequent mighty have been 
fully recognised, that the system of modern astro- 
nomy is regarded as established. So far as the 
mere movements of the planets are concerned, the 


theory of Brab6 would have as good a right 
to our acceptance in these times as that of Coper- 
nicus. But when once we perceive that these 
movements are i*uled, and that mass or quantity 
of matter measures the ruling power, we see in the 
sun the chief niling body. It was natural, then, 
that we should first study his action in this capacity. 
Otherwise it would have been natural to consider 
the sun firat as the light and fire of the solar system ; 
for certainly men noticed his light and heat long 
before they recognised his ruling power. 

The brightness of the sun’s surfiioe is obvious to 
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tihe^e. No td^iscic^ is needed to iu9 
sur&oe is so inteneely lustrous that no large portion 
of it can be lodced at directly without pain. But 
some will be surprised to learn that it makes little 
difference— so far as the intrinsic brightness of the 
sun’s light is concerned — ^whether we look at him 
directly or throxigh a telescope, and that it would 
make no difference in that respect if we could 
approach him much more nearly, or recede from 
him to the distance of Saturn, Uranus, or Neptune. 
We should, of course, get much more light from him 
than we do if wo were as near to him as Mei-cury, 
and much less than we do if we were as far away 
as Neptune j but that would be because his apparent 
size would be increased in one case, and diminished 
in the other. His enlarged or diminished disc 
would be of the same brightness as at present. In 
a laige telescope also the sun’s total light is greatly 
increased; but his apparent size is even more 
increased (for the thick glasses of large telescopes 
absorb a portion of any light which has to pass 
through them), so that his surface-brightness is 
rather less when he is seen in a telescope than when 
he is looked at directly. 

We may say, then, truly, that the sun is as bright 
as he looks, or, rather, that but for such absorption 
as our air exerts on the sun’s lays, he would look 
as bright as he really is. This absorption is such 
that when he is nearly overhead, on a very clear 
day (at the sea-level), about two-thirds of his light 
reaches us. 

Comparing his lustre with earthly lights, we may 
say that it exceeds in intensity the brightness of the 
lime-light m the oxyhydrogen flame, at its greatest 
obtainable intensity, about 1 40 times. Sir John Her- 
schel says 146 times. The electric light can be raised 
almost to the brightness of the sun’s surface ; but 
under ordinary conditions its brightness is not 
quite half that of the sun. 

But while the brightness of the sun is thus 
amazing, the total quantity of light he emits is 
infinitely more so. Every square inch of a surface 
exceeding that of our earili 11,750 times is glowing 
with a lustre exceeding 140 times that of a square 
inch surface of lime under the oxyhydrogen flame. 
The merest point of light in the case of the electric 
flame illuminates with what seems like the light of 
day a surface of many hundred square yards ; and 
in the case of the sun it is not a mere point, but a 
surface of some millions of millions of square 
miles, which is glowing with a brilliancy exceeding 
more than twofold that of the electric light 

Add to this the consideration that a large poi*tion 


(ff the light emitted by the sun is absorbed, by his 
own atmosphere. For the disc of the sun is not 
uniformly light, but shaded off towards the edges. 
The actual surface is thus even more intensely 
bright than the central part of the sun’s face as we 
see it. But even this is not all. We have seen 
that the sun’s surface appears mottled and granu- 
lated, the giunules being far lighter ihan the back- 
ground on which we see them. Probably nine-tenths 
of the sun’s light come from the gi*anul6S, which, 
if we could see them as they really are, would 
probably be found to occupy not much more than 
a tenth of his entii'e surface* For they are all 
expanded in appeai’ance by the optical efiects known 
as irradiation and difractwn. Thus, it would pro- 
bably not be an exaggemtion to say that they are 
nearly a hundred times brighter than the back- 
ground on which we see theiu. If so, their bright- 
ness is ten times greater than the average solar 
surface brilliancy, which is itself pi‘obably twice as 
great as the lustre of the surface as seen from with- 
out, wlyle we on earth, even under the most 
favourable circumstances, lose a third or there- 
abouts of the surface brilliancy of the sun, as he 
would be seen from the moon or any airless planet. 

The emission of solar heat is even more marvel- 
lous, for it indicates the constant activity of forces 
of inconceivable energy. 

The sun is as hot as he seems to be, in the same 
sense that he is as bright as he seems to be — allow- 
ance being always made for absorption in his own 
atmosphere and in our own. By noting the actual 
amoimt of heat received on the earth from the disc 
of the sun, we can tell the total amount emitted 
(not the total existing amount) from the globe of 
the sun. Sir J. Herschel and Pouillet have done 
this independently, by finding out the rate at which 
the sun’s heat melts ice. Their results agree well 
together. These results show that the heat falling 
on a square mile of the earth’s surface from a sun 
overhead would melt 26,000 tons of ice in an hour. 
The earth receives about 50,000,000 times as much. 
But the earth only captures about one two- 
thousand-millionth part of all the heat which the 
sun emits. Thus the total heat emitted by the 
sun would suffice to melt 2,600 trillions* of tons 
of ice per hour. This emission corresponds with 
what would result from burning 11,750 billions of 
tons of coal per second. The rate of solar radia- 
tion of heat is easily remembered if we note that, 

* I follow tho English, not the French system of notation. 
Thus, by billions I mean millions of millions ; by trillions, I 
mean millions of millionB of millions ; and so forth. 
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snppoaing our earth’s surfisMje as hot as the sun’s, 
she would emit as much heat per seoond'as would 
lesult from the burning of one billion tons of ooaL 

It is a singular circumstance, by the way, that of 
^1 the tremendous work implied by the emission of 
solar heat, only a veiy small portion seems utilised 
I have mentioned that the earth captures about 1 
in 2,000 millions of the solar rays. All the planets 
together capture about 1 in 227 millions. The rest 
— that is, 227 millions of rays for eveiy one which 
falls on a planet — pass into the star-strewn deptha 
They may reach planets travelling round other stars, 
just as the rays of Sirius and Vega, Arcturus, 
Capella, and Aldebaran, reach our earth. But it 
is as difficult to perceive how theii* energies can be 
thus utilised, as to understand how such trifling 
supplies of heat as we receive from the stars can 
produce any efiects corresponding to the enormous 
amount of seemingly wasted energy which they 
represent. 

We must now study the physical condition of the 
orb which is thus the fire and light, and theiofore 
in effect the life, of the solar system. We have 
here a subject which has grown marvellously in 
interest during the last few years. In fact, it may 
almost be said that the study of the sun’s physical 
condition by other methods than mere telescopic 
observation, was not even commenced before the 
present century. 

We have first to consider the insults of the in- 
vestigation of the sun’s light with the si)ectro8COi)e. 
The optical relations involved in thus investigation, 
and to some degree the pliysical relations also, be- 
long to other departments of science than astronomy, 
and will be fully dealt with elsewhere. Here it is 
only necessary to state the laws which are to guide 
us in the interpretation of the various results of 
8i>ectroscopic inquiry into the condition of the 
heavenly bodies. 

We find that when the light from a solid or liquid 
body white with intensity of heat is caused to pass 
through one or more triangular prisms of glass, the 
white light is spread into a rainbow-tinted streak 
or spectrum, the different colours whose mixture 
fotms the white light being bent in different degree 
by the action of the prism or prisms, so that they 
tmvel in different directions as they leave the last 
prism. Tlie red rays are k^ast bent, the orange 
next, the yellow next ; then, in order, the green, 
blue, indigo, and finally the violet And when care is 
taken — by allowing the light to sliine only through 
a fine slit — to cause the several tints of each colour 
of the rainbow to tiavel clear of neighbouring tints, 


it is still found tbat a perfect rainbow-tiiited streak 
k produced, the red meiging into the orange, by 
insensible gradations, the orange into the yellow, 
and 80 forth. In other words, no tints are wanting 
in the light of glowing solid or liquid matter, where- 
fore its spectrum is a perfect, or, as it is technically 
called, a continuous rainbow-tinted streak. 

But the light of the sun, when analysed in the 
same way, is found not to contain all the tints of 
the rainl^w. Newton, indeed, in his original ex- 
periments on the sun’s light, obtained the result 
which I have just described as happening in the 
case of glowing solid or liquid matter, but that was 
because he did not sift the light finely enough. 
Wollaston first, and later (and much more com- 
pletely), Fraunhofer, making fine the slit through 
which they examined sunlight, 
found first that a few and after^ 
wards that many tints are missing 
from sunlight. Fig. 1 is a picture 
of the solar spectrum (uncoloured, 
but the colours are indicated verbally 
below it), with the chief dark lines 
(or missing tints) noted by Fraun- 
hofer. But to understand the nature 
of his work the intennediate finer 
dark lines must be described : — A is 
a well-marked line near the red end 
of the spectrum ; B is a strong and 
broad line in the red. Between A 
and B is a band of several Hues 
called a; c is a dai*k and very strong 
line. Between b and c Fraunhofer 
counted 9 fine lines ; between c and 
D about 30 — D is a double lino. 

Between D and e Fiuuuhofer counted 
84 lines — e is a band of several lines, 
the middle line stronger than the 
rest At b are three strong lines, Pig. 
the two farthest from e being close 
together. Between E and b Fraun- 
hofer counted 24 lines; and be- 
tween b and F more than 50. F, o, and H, are 
strong lines. Between p and o and between o an<l 
H, Fraunhofer counted 185 and 1 90 lines, respectively, 
and even between H and i, where 

** The last gleanings of refracted light 
Dio in the fainting violet away,’* 

he still found many dark lines, or, more correctly, 
he found that many tints are missing. 

I have been thus particular in describing Fraun- 
hofex'’s results, because bis lines are constantly 
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referred to in describing spectroscopic I'esearches, 
and his inquiries supplied in reality the basis of the 
modem scienoe of spectrosoopio analysia It most be 
understood, however, that modem observations re- 
veal a far greater number of lines than Fraunhofer 
saw. In fiict, it may truly be said that while in 
sunlight there are all the colours of the rainbow, 
yet thousands of tints are missing from the red, 
thousands from the orange, and, in fine, tens of 
thousands from the spectrum as a whole. 

Now, the interpretation which science has found 
for these missing tints is that they show the action 
of the vapours of certain elements in absorbing light 
emitted by the sun. It is found that eveiy substance, 
when in the vaporous form, and glowing with 
intensity of heat, shines with certain tints only. Its 
light, dealt with by the spectroscope, does not fom 
a rainbow-tinted streak, but simply produces a cer- 
tain number of coloured images of the slit through 
which the light is received. One substance, sodium, 
shows only a stmi^ double orange-yellow line, and a 
few faint lines belonging to other parts of the spec- 
trum. Hydrogen shows four bright lines, one red, one 
green, one blue, one indigo. Iron shows about 450 
lines of all the colours of the rainbow, but still they 
represent only 450 tints among the infinity of tints 
forming the rainbow-tinted spectrum. But it was 
also found that a vapour has the power of absorbing 
the same tints which it emits. If a mass of glow- 
ing solid or liquid matter is shining through a mass 
of glowing vai)Our, and the spectrum of both is 
examined, we find that the rainbow-tinted streak 
from the solid or liquid is crossed by dark or bright 
bands corresponding to the tints of the vapour. The 
lines are dark if tlie vaix)ur is cooler than the solid 
(and so absorbs more of its own special rays than it 
emits), and bright if the vapour is hotter than the 
solid (and so emits more rays than it absorbs). If 
both substances are at the same heat, we have a 
rainbow-tinted spectrum without either dark lines 
or bright lines ; in other words, we find in this case 
no evidence in the spectrum to show that the light 
from the glowing solid or liquid body has passed 
through the glowing vapour. In jx)int of fact, we 
may say that in such an experiment the tints be- 
longing to the vapour^s spectrum are just as sti'ong 
as though the glowing solid or liquid we^ not pre- 
sent at all ; so that they appear (1) as dark lines, (2) 
as bright lines, or (3) ai*e lost, in the rainbow-tinted 
backgroimd, according as (1) they are fainter or (2) 
stronger than that Ixujkground, or (3) of the same 
lustre. 

We see, then, that the dark lines in the sun's 


spectrum indicate the presence of vapours around 
the sun, which are cooler than the sun’s mass. 
If any bright lines should be made out they would 
indicate the presence of vapours hotter than the 
general mass. And lastly, many vapours may exist 
of whose presence we can obtain no spectroscopic 
evidence, simply because they are at the same 
temperature as the general mass of the sun. 

Studying the dark lines in this way, it has been 
found that hydrogen, sodium, barium, magnesium, 
calcium, aluminium, iron, manganese, chromium, 
cobalt, nickel, zinc, copper, titanium, and other 
elements, exist in the sun’s atmosphere, and are 
nearly always cooler than the sun’s surfaca Occa. 
sionally the lines of hydrogen are seen bright when 
certain parts of the sun are examined, showing that 
at such times the hydrogen there is hotter than the 
surface underneath it. Again, it has lately been 
found that the bright lines of oxygen, and probably 
those of nitrogen, are present in the solar spectrum. 
This discovery, which is due to Dr. Henry Drai)er, 
of New- York, shows that oxygen, and probably 
nitrogen, are pi^esent in the sim s atmosphere, but 
are hotter than the glowing surface above which 
they are situate. 

The same method which has thus shown the sun 
to contain many elements familiar to us on eartli, 
and probably to contain many othei’s of our ele- 
ments, has taught us something also of the matter 
underlying the general surface of tlie sun. For 
when the light from sun-si)ots has been examined, 
it has been found that the dark lines belonging to 
some elements are broader and darker than in the 
spectilim obtained from the sun’s surface as a 
'whole. This shows that at the spots, which, as we 
have seen are i*egion8 depressed below the general 
surface, the vapours of those elements are denser 
and, at the same time, probably cooler than elsa 
where. In other words, the darkness of s])ots is 
due to the existence of large quantities of relatively 
cool vapours in these great cavities or depressiona 

So also the faculae are found to give a spectrum 
somewhat diflTei’ent from the general solar spectrum. 
Not unfrequently the lines of hydrogen are bright 
in the spectrum of a facula, showing the presence 
of hydrogen more intensely heated there than over 
other parts of the sun’s surface. 

Si)eaking generally, however, spectroscopic ana- 
lysis gives very little information about parts of 
the sun below the visible surface or photosphere. 
The case is very difierent with parts of the sun 
outside that visible surface. We have already seen 
what spectroscopic analysis tells us about tlie solar 
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atmoqpheie* whidi is of course out|ide the surfiaoe 
we see. We have now to consider parts of the 
son lying outside that complex atmosphere, formed 
of the vapours of elements which, like ircm, copper, 
sine, Ac., we only see on the earth in the solid form 
unless we subject them to the intense heat ob- 
tained in laige furnaces. 

It so . happens that the disc of the moon is of 
about the same apparent size as that of the sun. 
Both discs vary according to the varying distances 
of the two bodies. The average lunar disc is rather 
less than the average disc of the sun. But when 
the moon is at her nearest she looks larger than the 
sun even at his nearest, and considerably larger 
than the sun when he is farthest from the earth. 
We shall have elsewhere to consider ho\* eclipses 
of the sun are brought about. Let it suffice here 
to note that whereas usually, when new, the moon 
passes above or below the sun, she sometimes passes 
ailiwart his disc. If, when this happens, the moon 
is near enough to us, her disc will entirely hide the 
sun’s face for a short time (not exceeding seven 
minutes under any circumstances). Thus, for a 
while we see the regions outside the sun’s globe 
without being dazzled by his own splendour. 
Moreover, our own air towards the sun’s place in 
the sky is for a while in darkness. We can then tell 
whether close by the sun any matter exists which 
is usually veiled from view both by his own light 
and that of the sunlit air. 

The first and most striking circumstance noted 
on such occasions is the existence of a glory of 
light all round the sun, or rather round the black 
disc of the moon. But ordinary vision discovered 
nothing worth noting about this glory until long 
after the telescope had been applied to examine 
details round the ^lipsed sun. So we may con- 
sider here what the telescope has shown, without 
passing from the actual order of discoveiy , and with 
the advantage of considering the parts of the sun 
outside his globe in the order of distance from his 
surface. 

First, then, the telescope showed quite close to 
the black body of the moon a number of red 
objects, such as are shown at a, b, c, d, in Fig. 2r 
They are compared by some who saw them in 1842 
to garnets round a brooch of jet. They were then 
called the red prominences, and have since retained 
the name, though they are known now not to be 
real prominences. Where, as at a and d in Fig. 2, a 
long low-lying ridge of this ruddy matter was seen, it 
was called the stemt, a name still frequently used. 
But unfortunately some one invented for the ruddy 


low-lying envelope the name cAromc^pAefs, intended 
to mean colour^here ^which would be 

and it seems likely that this name will 


remain as a monument of 
the classical knowledge of 
English astronomers. It is 
in reality, as like Times has 
pointed out, as incorrect as 
pbograph would be for 
photograph; yet it is now so 
comifionly used, especially 
amongf oreignand American 
astronomers (humouring, as 
it were, the joke against 
their British brethren), that 
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Fi(t. 2.— Showing the red 
Flamee a, b, o, d, eeenroimd 
the Sun when he ii totally 
eclipsed, and the shallow 
red Layer c^, b, called 
Sis.ro. 


it should be known to the 

learner. However, sierra is at once a more correct 

and a more effective name. 

At first these red objects were thought by some 
to belong to the moon. But Be la Rue and Seochi, 
by taking photographic views of the total eclipse 
of June, 1860, at different stations, each taking 
several views, showed that the prominences belong 
to the sun, for it was found that the moon moved 
athwart them, and along perceptibly different paths, 
as photographed from the two stations. Thus it 
was shown that there are masses of ruddy matter 
at different parts of the sim’s surface, extending 
sometimes to heights of 70, 80, and even 100 thou- 
sand miles. During the same total eclipse it was 
discovered that the sierra entirely surrounds the 
sun’s disc, or in other words, that the sierra matter 
entirely enwraps the sun’s globa It had on that 
occasion a depth of about 7,000 miles. 

Next came the analysis of the coloured pro- 
minences by means of the spectroscope. This was 
effected during the total ecli])se of August, 1868. 
On that occasion Tennant, Rayet, Janssen, J. Her- 
schel the younger, and others, found that the light 
of the prominences shows three principal tints, one 
orange-yellow, thought at the time to be the sodium 
line, and the others red and blue, belonging un- 
mistakably to hydre^n. Rayet saw six other lines. 
It was thus proved that the prominences consist of 
glowing gas, hydrogen being certainly one of the 
constituents. We might long have remained in 
doubt whether the other chief constituent was 
sodium or not, but for an invention devised, or 
rather first successfully applied, at this time. 

We cannot see the prominences, because of the 
strong light of the sun. Even if the sun himself 
is concealed from view, the light of the sky — ^that 
is, of our own sir strongly illuminated by the tuii — 
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/exitweiy conceals tke promiiieiioes. If we use 
darkening glasses strong enough to protect the eye 
from the solai* glare^ we obliterate the prominences 
from view. The light of the sky would be quite 
sti^mig enough to hide them under any circum- 
stances of ordinaiy vision. 

But when we IdBxn that the light of the promi- 
nences consists of certain special tints, whereas we 
know that the light of the sun contains all the 
colours of the rainbow, we perceive that if we can 
obliterate all the light of the sun or of the sky, 
except those special tints, we shall have enor- 
mously reduced that light, while the light of the 
prominences will be left just as strong as before. 
So, if we could get coloured glasses which would 
allow just the colours we wanted to pass through, 
and absorb all others, we might expect to see the 
prominences, though of course it might turn out 
that the sky-light even of these special tints alone 
vrould suffice to veil the prominences from view. 
Unfortunately, we cannot, by means of coloured 
glasses, allow separate rays to pass through in this 
way. (I say unfoi-tunately, though the problem has 
been successfully dealt with in another way, for that 
would be far the best way for ordinary observation, 
if only it could be managed, as one of these days it 
may be.) The spectroscope, however, by actually 
carrying the rays of different tints in different 
diioctioDS, enables us to deal with them effectively. 
We can stop off those we do not want, and allow 
these only to pass which we do want. 

This idea occurred to several before the eclipse 
of August, 1868, though, I believe, the only person 
who definitely indicated the principle, and showed 
how it might be applied to the prominences, was 
Dr. Huggins, whose views were published in the 
‘‘ Monthly .'fotices of the Astronomical Society” for 
February, 1868. As far back as 1865 ho had 
shown how the principle boi'e on the study of other 
objects in the heavens — ^the so-called nebulaa of the 
gaseous sort. * Be this as it may, immediately after 
the eclipse of 1868, Janssen, one of the discoverers 
of the gaseity of the prominences, applied thin 
method, and was able by means of it to see the 
bright lines forming the spectrum of the promi- 
nences when the sun was shining in full splendour. 
Of course he could only see one of these lines at a 
time, but by bringing the different parts of the 
spectrum successively into view he saw all these 
lines. He communicated the news of his discovery 
by letter to Europe, but a day or two before his 
lettei^ amved Mr. Joseph Lockyer had seen tliese 
lines by the same method. 


It was n6w posdUe td* deteriniue the exact 
position of t^e prominence bright lines, for they 
could be seal in the same field of view as the soliu' 
dark lines. It was thus found that the lines 
ascribed to hydrogen agree perfectly with the dark 
lines of hydrc^n in the solar spectrum. But the 
orange-yellow line was found not to agree with 
any solar dark line, though near to the sodium 
double line. Thus, it was made certain that the 
prominences consist in part of glowing hydrogen, 
but the other chief constituent was not identified. 
It is believed by many that it is an element not 
^own on the earth, and the name helium, to signify 
a specially solar element, has been given to it. 

The new method enabled astronomers to tdl 
where prominences existed at any moment roimd the 
sun’s disc. For, wherever the brighter prominence 
lines were seen, there, of course, was a prominence 
as high or as broad, according to the position of the 
slit, as the lines thus seen. But to search for 
prominences in this way was slow work. Astrono- 
mers he§.rd gladly, therefore, of the invention by 
Hugfins of a method by which the whole of a 
prominence, even of considerable size, could be 
seen at once. He simply opened the slit of the 
spectroscope. This made the spectrum of the sky 
correspondingly brighter, and of course all the dark 
lines in it disappeared at once, the multitudinous 
images of the broad slit overlapping each other, 
and the spectrum becoming altogether impure. 
But when the spectroscopic dispersion was great, 
the special tints of the prominences still remained 
visible on the brighter background of the s|)ecti*um 
of the sky. And since in the widened slit the shaijos 
of the prominences were included, these 8]’>ecial 
tints showed — each separately, of course — the 
coloured images of the prominences. 

Tliis method at once led to the most interesting 
results. Prominences could be watched steadily 
for hours, or even — if large enough to remain so 
long visible at the sun’s edge — for days. Their 
changes, whether slow or rapid, could be followed, 
and, where occasion suggested, the other method, 
which shows the bright lines only, could be applied 
to {)ai*tioular parts of a pi'ominence to ascertain in 
what degree, if in any, its chemical structui'e 
differed from that ox other parts, or ot other 
prominences. 

It was now found that the sun’s coloured promin- 
ences undetgo sometimes very rapid and wonderful 
changes -of shai)e. ’ Here, for instance (Figs. 3 and 
4), are two views of- the same prominence as seen 
by ZoUnec, the second view being drawn an hour 
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later ilian the first Remembering that the promi- 
nenoe was some 45,000 miles in height at first, it 
will be semi how rapul must have been the change 


Tig. a— ▲ TiomiMiiM Meo by ZSQner on Aagiut SS, USE), st 10.90. 


Tig. i.— The Maw Prominenoe ■> Nm aa Hoar later. 

which in an hour could so greatly affect the 
appearance of this vast volume of flame. The most 
remarkable observation ever made by this method, 


y 
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Tig. B.— A Prominenoe Qond eaea hr Plot Tonag. 
on Sept 7. 1871, at ISAO. 

however, is that illustrated by Figs. 5, 6, 7, and 8. 

On Sept 7, 1871, Professor Young — then of Dart- 
mouth College, now of Princeton, New Jersey — ^was 


observing the entwmous j^tubmanoe-doud pictured 
in Fig. 6. It was about 100,000 miles long by 
about 54,000 in height He was called away for 

i 


> I 



Fif. 6.— The eeme Begion at 12.55. 

nearly half an hour; when he returned he 
found to his surprise that the whole thing 



Fig. 7. —The nme Begion at 1.40. 


bad been literally blown to shreds by some in- 
conceivable uprush from beneath.” The appearance 



Fig. a-^he Mine Begion at 1.55. 

was at this time that shown in Fig. 6. He traced 
these shreds moving upwards till they bad reached 



THE SUN OUR FIRE, LIGHT, AND LIFE. 


81 


a of at least 200,000 miles, at which immense 

altitude they disappeared. The subsequent changes 
are shown in Figs. 7 and 8. 

The prominences are seen indifferently round all 
parts of tiie sun’s disc, very large ones having been 
seen over the polar and equatorial r^ons. Yet it 
is noteworthy that the prominences over the spot- 
zones are different in character from othei*s. In 
these zones only are such prominences ever seen as 
are shown in Figs. 4-8. The large prominences 
seen elsewhere are always cloudlike, never of the 
eruptive sort. 

It seems also, fri>m observations made by the late 
Father Secchi, that as the solar spot period pro- 
gresses, the character of the prominences changea 
When there are many spots, large prominences are 
frequent ; when there are few spots or none, large 



Fig. 9.— The Eolipee of 1842. 

prominences are seldom seen, and eruptive promi- 
nences of the larger sort are then not seen at all. 
Some change takes place in the sun’s condition — 
though as yet we do not know what the exact 
nature of the change may be — which, while causing 
spots to be either more or less numerous on the 
sun’s suiface, causes also the coloured flames to 
leap higher above that surface, or to sink lower, 
respectively. 

Outside the prominences, a solar ap^ndage far 
larger in extent can be seen during total eclijise — 
the so-called corona. Three views of this object 
as it has been seen at difterent times, are given in 
Figa 9, 10, and 11. They are not arranged in order 
of date, but in order of complexity of structure. 
The brightness of the corona is considerable close 
to the ^ge of the moon, but gittdually becomes 
less and less outwards, until the light is lost in the 
sombre background of the sky. Tlie colour has 

59 


been variously described by diffeient observers, 
even of the same eclipse. Probably it depends in 



Fig. 10.— The Eclipee of 1060 (Feilitieoh). 

part on the state of our own air, through which the 
corona is necessarily seen. 

This remarkable appendage was for a long time 
a source of perplexity to astronomers. If it really 
belonged to the sun, then, even as shown in the 
figures, it would have an extension of at least a 
million miles in some directions, and not less than 
800,000 miles anywhere. The volume of the region 
of space occupied by the corona would be not less 
than thirty times that of the sun, or more tlian 
thirty-seven million times that of the earth. It 
was natural that many should prefer the less 
startling explanation involved in the theoiy that 
the corona does not belong. to the sun at all, but 
is either a phenomenon of our own atmosphere, or 



Fig. n.-The EoUpM of 1858 (Liais). 

else is due iio the illumination of some vaporous 
matter surrounding the moon. 

But it could be shown conclusively that if the air 



82 


SCIEKOE FOB ALL. 


towards the son’s place in the sky illuminated 
during totality, the illumination, instead of in- 
masing towards the sun, would diminish ; more- 
over, the corona, if that theory weio true, should 
be always changing, and diould be entirely dif- 
ferent as seen from different stations. Now, during 
the eclipses of 1870 and 1871 the corona was 
photographed. In 1870 an excellent photograph 
was obtained at Xeres, in Spain, by Willard, and 
a still better one — in fact one of the finest yet 
obtained — ^by Brothei*8, of Manchester, at Syracuse. 
These agree in such a way as to dispose entirely 
of the atmospheric theory, even if it were not 
utterly disproved by the way in which the corona’s 
lustre increases near the sim. During the total 
eclipse of 1871 in Southern India, a still more 
complete success was achieved by photographers. 
For at Baicull, near the shore, a series of six fine 
photographs was obtained by Mr. Davis, who su- 
perintended the photographic arrangements of an 
expedition sent out by Lord Lindsay, while Colonel 
Tennant, stationed on the Neilgherries, at Ootaca- 
mund, 10,000 feet above the sea-level, obtained 
also six excellent photographs. All six of Davis’s 
series agreed closely together, though some of course 
were better than the rest, and showed the corona 
with a greater extension. All Tennant’s views 
agreed closely together, and, lastly, the views of 
one set agreed closely with the views of the other 
set. No doubt then could any longer remain that 
the atmospheric theory of the coi'ona is erroneoua 

With regard to the lunar theory of the corona, 
which, strangely enough, had commended itself to 
a8tix>nomers so well known as M^ler, Aiiy, and 
John Herschel, the photographic evidence of 1871 
disposed completely of that theory also. For if the 
sun’s rays by shining on matter around the moon, 
or on one side of the moon’s path, produced the 
coronal rays, it is quite clear that as the eclipsing 
moon passed onward the long rays would shift 
I'emarkably in position, and all the details of the 
corona would change rapidly. The circumstance, 
then, that six views taken at different times during 
totality agreed exactly together, is a fatal objection 
to this theory of the corona. The evidence being 
given in duplicate on that occasion, was yet further 
strengthened. 

It remains, then, that the corona should be recog- 
nised as a solar appendage, strange and stupendous 
though the thought may seem that an envelope of 
such amazing extent should surround .the sun at all 
times, and yet show no sign of its presence, save 
when the sun himself is hidden fix)m our view. 


The light of the corona has been examined with 
the spectroscope. The spectrum seen is twofold, 
if not threefold. 

First, there is a spectrum indicating giuieity, a 
portion of the corona’s light giving simply a green 
line. The position of this line has been very care- 
fully noted. It was at first thought to agree exactly 
with one of the lines of iron, but recently it has 
been shown that the iron line is in a slightly dif- 
ferent position. At present, no terrestrial element 
is known whose spectrum has a bright line agreeing 
exactly in position with the green coronal line. It 
may be well to mention that the line is generally 
called ‘^1474 Kirchhoff,” because it agrees with 
the part of Kirchhoff’s spectral scale which is thus 
numbered. This gaseity seems limited to the blighter 
part of the corona, called sometimes the inner corona, 
and extending on the average about 300,000 miles 
from the sun’s surface. 

Secondly, the corona seems to shine in part with 
light, indicating glowing solid or liquid matter. 
For several observers assert confidently that the 
corona has a perfectly continuous rainbow-tinted 
spectrum, when examined under such conditions 
that dark lines, if any exist, should be seen. It 
might well be that parts of the corona nearest the 
sun may consist of meteoric and cometic matter, 
which the sun’s intense heat causes to glow with 
inherent lustre. 

But thirdly, as other observers have recognised 
the solar dark lines in the spectrum of the corona, 
it seems to follow that other parts of the corona, 
or even these same parts in some degree, shine by 
Inflecting sunlight. 

It should be added that during the eclipse of 
July 29, 1878, Edison, the celebrated American 
electrician, succeeded in obtaining clear evidence 
of the emission of heat by the corona. A very deli- 
cate heat-measurer of his invention, called the tasi- 
meter, was brought into action on that occasion ; 
and though Edison was not able to measure the 
heat of the corona, he obtained unmistakable evi- 
dence of its existence. Indeed, he was only pre- 
vented from measuring that heat by its being so 
much greater than he expected. The index which 
was to show, by pointing to some part of a scale, 
the exact amount of heat received from the coiona, 
went off the scale altogether so soon as the corona’s 
heat fell on the tasimeter. Before the index could 
be bi'ought back again to the scale, the sun had 
reappeared. 

During the same eclipse it was shown that the 
corona ordinarily seen is in reality but a small part 
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tibe real system of appendages existing outside 
the sun. For by observing the eclipse from stations 
high above the sea-level, Professor Cleveland Abbe, 
of Washington, was able to trace the coronal 
streamers to a distance of ten sun-breadths, or at 
least 6,000,000 miles from the sun; while Pro- 
fessors Newcomb, of Washington, and Langley, 
of Pittsburg, traced the coronal luminosity along 
the zodiacal i^egion, to a distance fully twice as 
great. 

There can now be no doubt that the light called 
the zodiacal, which is seen in autumn mornings and 
spring evenings near the sun’s place below the 
horizon, growing brighter towards him, is the 
outer part of the appendage whose brighter core 
Newcomb and Langley traced to a distance of 
10,000,000 miles on that occasion. But the zodi- 
acal has been traced to a distance of 90,000,000 
miles from the sun, and probably in reality has a 
far greater extension. 

Thus, the various solar appendages have been 
traced outwards from his surface, through his lower 
complex atmosphere first, then to the sierra, then to 
the prominence region, then to the brighter corona, 
to its fainter outer portions, to its far-extending 
streamers, onwards into the core of the zodiacal, 
and thence into regions of sun-surrounding space 
whose real extension is unknown, but may possibly 
have no limits within the orbit of the remotest 
planet, Neptune. 

To sum up ; — We find in the sun — regarded as 
fire, light, and life of the solar system — an orb 


glowing with 140 times the intrinsic lustre of the 
lime-light, and emitting in every second of time as 
much heat as would result from the burning of 
11,750 millions of millions of tons of coal. This 
vast fiery mass is surrounded by vapours, among 
which we can recognise, by means of the spectro- 
scope, many of our familiar elements. Such elements 
as iron, copper, and zinc exist, then, in the form of 
vapour in the solar atmosphere ; yet, intensely hot 
though we know they must be, they are cooler than 
the surfiice above which they lie, since their presence 
is made known by their dark lines in the spectinim. 
Some other elements, including oxygen and nitrogen, 
seem to be so heated as either to show bright lines, 
or to show no signs of their presence, because neither 
much cooler nor much hotter than the general sur- 
face of the sun. Studying the sun’s surroundings, 
we find his complex atmosphere to be some 300 or 
400 miles deep, the sierra from 6,000 to 10,000 
miles deep, the prominence region about 100,000 
miles deep, though occasional outbursts to twice that 
height hCTe been observed. The inner corona seems 
to be some 300,000 miles, the outer about 800,000 
miles, in height, measured from the sun’s surface. 
Lastly, there are coronal sti'eamers which have been 
traced to a distance of 5,000,000 miles, but may in 
reality extend much further; while the zodiacal, 
traced in eclipse to a distance of 10,000,000 miles, 
and during morning and evening twilight to nine 
times that distance, occupies in reality, most pro- 
bably, a region co-extensive with the solar system 
itself. 


A FISH IN THE WATER. 

By W. a. Lloyd. 


r r the course of a former pai)er on the saltness of 
the sea (p. 25), I have several times mentioned 
vegetation. If we expose water to light, in any of 
the four glass vessels referred to in that paper, so 
that it receives continuous daylight, free from hot 
sunlight, some kind of plant-life will come — not 
with absolute spontaneity, as that is impossible, 
because wmething never comes from nothing. But 
the germs of vegetation are everywhere, and need 
only water and light to co-exist in or upon a 
suitable place for them to grow, both abundantly 
and apparently. But they are individually veiy 
small — microscopic, indeed — consisting sometimes 
of a pair of minute valves, sometimes of threads, 


variously twisted, and so forth. But they are 
visible to the unassisted naked eye by their vast 
aggregation, and they grow with very great rapidity 
when the conditions of growth are present. I have 
never been able, as I have said before, to mix any 
sea or fresh water together in any proportion, 
without getting vegetation on exposure to light at 
any temperature above freezing — or say, within the 
degrees of from 40® to 90® Fahr. For example, we 
allowed the sea-water (Pig. 6, p. 33) to evaporate, 
and did so purposely, removing tlie cork so that 
its fresh water might escape in part, and leave the 
remaining solution somewhat stroller than as it is 
found in British seas. For this* purpose, I pla6ed 
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it a few feet from a window in sunyner, having a 
western aspect, so that I might watch the water 
decrease to a certain mai*k I affixed to the tube. 
And while I thus watched the water sink about a 
quarter of an inch or so, as it did in a week, little 
patches of gi*een were noticed forming, and grow* 
ing on its sides, and on magnifying these about 200 
diameters— which is, of course, 200 x 200 = 40,000 
areas, or times — the green was found to be composed 
of millions of minute plants, and with them were 
associated millions of minute animals. In fact, the 
tube had been in a week converted into a little aqua- 
rium of a perfectly self-sustaining kind. That is to 
say, genus of plants previously^existed in the water, 
and exposure to daylight stimulated them to visible 
multiplication. Contemporaneously with the in- 
crease of the plants, came increase of animals, also 
from germs in the water. And, as far as experience 
goes, germs of both plants and animals of these 
minute kinds exist everywhere — in the air, as well 
as in water — and are only waiting for tlie requisite 
conditions to be brought about to gi'ow, and mul- 
tiply, and become seen. However, as the plants 
grow, they require food — carbonaceous food, they 
and all other vegetation being chiefly formed of 
cai'bon — and this food they obtain partly from the 
carbonic-acid gas found in the atmosphere in contact 
with the water, and partly, and more directly, from 
the carbonic-acid gas evolved from the minute 
creatures in the water, associated and in contact 
with the minute plants. Then, similarly, these 
minute aquatic creatures require food, and this they 
obtain, partly from feeding on each other, and 
partly, and in a lesser degree, fi’om eating the 
minute plants in the tube with them. Further, as 
they feed, they give out carbonic-acid gas, as already 
stated ; and if allowed to accumulate in the water, 
this gas would quickly kill them by poisoning. But 
it is not sufiered to remain, as the vegetation takes 
up the carbon of it, and sets free the oxygen gas, 
the other ingredient of which carbonic-acid gas con- 
sists. This oxygen is the very thing required by 
the animals to enable them to assimilate their food 
and to keep them and their water in which they 
live in a healthy condition — the water being merely 
an indestructible compound or medium in which all 
this takes place. In this manner is kept up, in a 
wonderful manner, a balance of existence ; and I 
have chosen to show it in this manner, on so small 
a scale, because it actually occurred quite recently 
in the very tube figured on p, 33. This, however, 
requires to be explained — ^namely, the circumstances 
governing this minute aquarium were (to use a form 


of words which is convenient, rather than strictly 
oorreot) Mllf-mlecUd. That is to say, I did not 
knowingly introduce any plants or animala They 
came by what we call chance. But we only say 
they cJionced to app^r because we do not know, 
and can never probably tell, the complex influences 
governing them. In this small glass tube, certain 
vegetable and animal organisms appeared and dis- 
appeared again and again, in obedience to some 
mysterious law, or sets of laws, which we can only 
guess at as, remotely, being results of light, tem- 
perature, alternations of day and night, varying 
amounts of substances in solution, and so on. But 
the oigauisations come and go, and certainly not 
adventitiously. If we were to introduce intention- 
ally some living organisation into the tube (Fig. 6, 
p. 33), we should at once disturb the interchange 
going on between those already in it, and new ar- 
rangements and changes would be set up, leaving 
ultimate influences which we could not calculate 
upon beforehand. The quantity of water seen repre- 
sented in Fig. 5, p. 33, is a little over 1,000 grains 
weight, there being 437*5 grains to one ounce of 
sixteen ounces to a pound weight, which latter, there- 
fore, contains 7,000 grains. But 1,000 grains is a 
quantity of water inconveniently large for my simce, 
and is needless ; so I use 250 grains weight of 
water, in tubes which are therefoi*e smaller than 
Fig. 5, p. 33. These tubes are of hard German glass, 
in which water can be safely boiled, and being 
very thin, anything adhering to their sides inte- 
norly can be examined with a Coddington lens, 
which gives a tolerably high magnifying power. 
I have many dozens of such tubes under experiment 
on a table close to a window with a northern 
aspect, where the temperature is always between 
60^ and 70^ Fahr. at all seasons, and where the 
daylight is very equable, with scarcely any sun. 
The tubes are arranged in small open wooden stands 
of six each, and this enables them to be shifted 
about to various parts of tlie table, to obtain a 
greater uniformity of exposure to light than if each 
were fixed in one spot immovably. What I do 
with these tubes is this : — In some I place sea-water 
of the full British specific gravity, ranging from 
1027 to 1030. In others I put sea-water mixed 
with fresh water, indicating specific gravities from 
1 -003 to 1 *020. Some contain sea-water highly con- 
centrated by boiling. There are three or four tubes 
belonging to the same denomination, alwaya Each 
tube is closed at its mouth with a tight plug of 
new white cotton-wool, previously well baked to 
destroy any organic germs it may contain, and is 
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then firmlj tied over with compact white paper, and 
labelled with a number in two places, the number 
corresponding with a description of the contents of 
the tube in a book. The cotton-wool plug, being 
porous, permits of a restricted contact with the 
external air, in a manner more accurate than a cork 
would do, and yet evaporation is almost entirely 
hindered. In all tubes which have not been 
boiled, vegetable and animal life in abundance 
have quickly formed, no matter what the specific 
gravity may be. In those which have been boiled, 
and have been allowed to get cold, and then ten 
grains weight of any unboiled water, sea-water or 
fi’esh water, have been added (of course before the 
cotton-wool plug has been inserted), vegetable and 
animal life have also appeared. But, in every case, 
without any regard to the amount of solids dissolved 
in the water, when the boiling has taken place after 
the insertion of the plug, so that the steam first 
drives out through the plug the air which is between 
the surface of the water and the plug, and when 
the steam comes fi*eely through the wool, and when 
the tube is tied over with paper, then I have never 
found any plants or animals appear on any exposure, 
because, though there is a certain amount of contact 
of ail* with water, no air can gain ingress save what 
is filtered through the tightly-compressed mass of 
wool. But, if the wool lie withdrawn for an hour, 
and then replaced, that free contact of water and air 
of sixty minutes’ duration has sufficed to convey 
germs to the water, and plants and animals make 
their appearance in a few days afterwards, the tube 
being thus converted into a small aquarium. I 
have distilled water directly into a tube from the 
orifice of a glass retort, without allowing it to go 
first into another vessel; and though it was plugged 
immediately the 250 grains were passed over, yet 
the water had cooled sufficiently not to kill some 
geims which it must have received from the atmo- 
sphere in dropping through it, and in being exposed 
to it; for in this case, too, plants and animals 
api^eared in due course, as they did not when the 
water thus distilled was kept, by a gas-flame out- 
side the tube, at a temperature of 200° Fahr. during 
the process of distillation, and while being plugged 
and tied. But here, again, in this case as in others, 
vegetable and animal life appeared on the tube being 
temporarily unplugged. Precisely the same results 
4rere attained with sea-water — not procured from 
the ocean, but compounded far away from it, both 
vrith distilled water,, and ordinary London and 
Birmingham river or well water. Indeed, my con- 
viction as to the use of sea-water for aquaria far from 


the sea, increases in the direction of being sure that 
the conveyance of it far inland from the coast is a 
mere waste of money. Roughly stated, one gallon 
of the strongest British sea-water which can be 
obtained, weighs 101b. 6oz., out of which 5oz. are 
common table-salt (chloride of sodium), and the 
other ounce is made up of salts easily purchasable 
and inexpensive, and all can be dissolved, some with 
rather greater difficulty than others, in all ordinaiy 
fresh water. Consequently, when sea-water from the 
sea can be had at a price less than the cost of the 
101b. of fresh or nearly fresh water, added to the 
cost of the 6oz. of salts, there can be no need to 
manufacture sea- water. But, when the contrary is 
the case, there can be no necessity to incur the ex- 
pense of conveying water from the sea, at a cost, ac- 
cording to distance, vaiying from twice to ten times 
the expense of manufacturing it. And there may 
be places at such a distance from the coast where 
the water got from the sea, and that which is 
compounded, may be exactly equal in cost, while 
they are equal in their value for aquaria. But we 
must not reject artificial sea-water (so-called, and a 
little vaguely so called) — though all sea-water was 
gradually compounded in course of time by the 
washings-out of the land, and chiefly rocks of the 
land — from any pryudice^ but only from a rectsonr 
ing examination of it, seeing that it can be mixed 
with great accuracy, and that plants and animals 
will grow in it. In fact, as it cannot be top 
repeatedly said, I have never been able to make 
any mixture of sea and fresh water, whether dipped 
from the ocean or mixed inland — or whether the 
fresh be taken from any natural source, or distilled 
— in which both plants and animals will not appear 
quasi-spontaneously. Consequently, in the large 
aquarium arranged under my care near Birming- 
ham, its 200,000 gallons of sea-water are prepared 
on the spot, and therefoi*e not brought from the sea 
at all. 

I have thus shown that we are sure to get vege- 
tition in water which is exposed to air and light 
at all ordinary temperatures. The tendency of 
vegetation to appear is very extraordinary ; and so 
common and imiversal is plant-life everywhere that 
we are apt to overlook and disregard it But the 
necessity for it is obvious when we remember that, 
if it were not for its prodigiously large existence, no 
animal could live. In the absence of vegetation, 
or of enough of it, carbonic-acid gas would so 
accumulate in our atmosphere beyond the small 
quantity which is needed in it (which is about 1 
part in 2,500 parts), that all animals, man included. 
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would speedily die of suffocatioiL Henoe, plants 
are ever taking up and fixing the carbon out of the 
cai4>onic-acid gas which all creatures exhale, building 
it up harmlessly in the plants, and letting the 
beneficial oxygen go, to be again used by the crea- 
tures to decarbonise their blood, or other yital 
fluids. This, thei'efore, is why jdant-life grows 
everywhere — not only as great trees, and other 
high-growing forms of ^plants, but as grass, and as 
such lowly-organised vegetation as mosses, and 
lichens, and algse — the latter inhabiting sea and 
fresh waters. And of all the plant-life grown upon 
the surface of our globe, and beneath the surface of 
its waters, the quantity planted by the hand of man 
is so extremely small in comparison with what 
appears by what we term chance, or fortuity, that 
no figures can express the minuteness of the pro- 
portion. In fi^sh water as it exists in rivers and 
lakes, no forms are ever manually planted, or almost 
none. In a few ornamental ponds a few such 
forms as lilies are occasionally grown and tended, 
but in the great and wide sea,” absolutely all 
grow spontaneously. And in all cases, the carbon 
which mainly goes to build them up, is primarily 
obtained from animals, by their breathing. All 
wood was got, in great part, in this manner. 1 
will confine myself to the railway which passes the 
house where I am writing this, and will vainly tiy 
to imagihe what must have been the enormous 
number of animals whose exhaled breath was con- 
verted into the massive, tliick timber planks, or 
rather blocks, termed ** sleepers,’* which transversely 
support the iron rails at short intervals. More than 
that, even the fuel which fused the iron which made 
the rails was once timber, converted into coal or 
coke ; and it, again, was once carbon obtained from 
the sent-out breathing of animals. And here comes 
a train of carriages swiftly borne along these rails. 
All the wood in those carriages was grown from 
the same source. All the metal in them was 
spielted and wrought by burning fuel obtained f roiQ 
the same source. More than that— the very power 
which moves the train along was mainly obtained 
from the same source. Tliat is to say, the fuel 
which is being burnt in the furnace of the loco- 
motive engine, which boils the water, which raises 
the steam, which presses the piston backwards and 
forwards in the cylinders, was once wood, and that 
wood was derived from the breathing of animals. 

But this very curious persistence of growth 
which vegetation has, shows itself in aquaria in a 
very inconvenient manner sometimes. Thus, if a 
vessel of water, more eq>eolally sea-water, be exposed 
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to a strong light, accompanied by a somewhat high 
temperature, for a considerable period, seeds or 
spores will appear in the water to such an enormous 
extent that they will make it turbid, and finally 
densely opaque. These spores are oply about rx^th 
of an inch in diameter, and are locomotive ) hence 
they distribute themselves all through the fluid. I 
have known water made so densely greenish-brown 
by these organisms that I have not been able to 
r^ large print through two inches of it. The 
best and only known way to avoid this, is by re- 
versing matters — ^that is, by placing such water in 
darkness. This would inconvenient — such 

darkening of an entire aquarium — and therefore a 
pari of the water is allowed to be in the dark, as 
shown in this ideal vertical section (Fig. 1). Then, a 



Fig. 1«— Ideal Vertical Section of an Aqaariom. 

circulation is set up between the light and the dark 
portions, a is the light portion of the system, B is 
the dark part. Between these two, water circulates 
through the pipes c and D, and R is a pipe furnish- 
ing distilled water obtained in any convenient 
manner, b is here shown below the ground, but it 
may be in any other place so long as the two 
essential conditions of darkness and coolness are 
complied with. The arrows show the direction of 
flow. This plan of arranging aquaria, whether sea 
or fresh-water, is the best known one, because it 
most nearly represents what is everywhere done by 
Nature. The greater part of all water on the 
of our globe is in utter darkness, and therein the 
excessive dissemination of algae spores which I have 
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explain^di is prevented. And the greater part of 
all water in a state of nature is kept cool by being 
kept out of the direct influence of the sun. So, in 
like manner, the animals intended to live in such 
water are adapted for a temperature which, in tem- 
perate countries like Britain, is not so high as the 
maximum temperature of its air, nor so low as its 
minimum. Hence, in Britain, the best temperature 
for water in aquaria is about 60^ Fahr., and this 
degree may be easily maintained in the hottest 
summer and in the coldest winter of our country, 
by care in the selection of the situation of b. And 
the larger B is made in relation to the size of A, the 
more equable will be the temperature of the whole, 
and the quicker will be the decomposition of decay- 
ing organic matters given off from the animals by 
being resolved into their primary and harmless con- 
stituents. B should be from 3 to 5 times as great 
as A, but if from 6 to 10 times, so much the better. 
Indeed, it cannot be too large. The amount of 
distilled water admitted at e must be regu- 
lated by circumstances, remembering that in 
dry air, at a temperature of 60^ Fahr., sB 
evaporation takes place at the rate of about 
3 to 3 grains’ weight of water for every space « 
of 6 square inches of surface every day of 24 
hours ; this being increased when the surface 
is extended by motion, as in such an aquarium 
as this represents. And such motion, and 
such extension of surface, signify increase of 
oxygenation in proportion ; and oxygenation means 
the burning up, or consuming, or getting rid, as 
quickly as they form, of all decaying organic 


water in Fig. 1, it being on too small a scale; but 
Fig. 2 gives a vertical section of the form of a {mmp 
which I have found the best one, and, indeed, the 
only good one. It is known as Forbes’s patent, and 
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Fig. 3.— Stoneware Water Beeezwoir. actual 8iu,) 

consists of two rollers, each with four projections 
accurately fitting into the opposite hollows of its 
neighbour, and the water is rolled throtigh these, 
so to speak. This is a very simple arrangement, 
working with but small friction and wear, and at 
a moderate speed. The motive power may be hand, 
or steam, or water, or gas, Ac. Or wind-power 
may be employed very economically ; only, pi such 
cases, another and upper reservoir is needed in 
addition to b, so as to be used when thc^ is no 
wind to drive the pump. It would be easy to con- 
trive an automatic valve which shall open without 
manual attendance when the pump ceases working. 
All such pumps, pipes, Ac., should be made, whe- 
ther for marine or fresh-water aquaria, in vulcanite 
or ebonite, or hard indiarubber, to avoid the mis- 
chievous oxidation of all ordinary metals, as iron. 


iflg, 2.^Forbet's Vulcanite Pomp for the Circulation of Water. 
{Onc-tmtk actual Site.) 

matters, which, not so consumed, would poison all 
creatures brought within its influence.'^ 

I have not shown any means of circulating the 

• This homing at a low temperature was osJled by Baron 
liebis *<orema:aosU.’’ 


brass, tin, lead, Ac. In smaller aquaria, such as are 
used in private houses, where it is not desired to 
have any contrivance of pumps, pipes, Aa, a 
reservoir of stoneware may be used; and one 
(Fig. 3) is here engraved, provided with a stop- 
cock of the same material. When such a vessel 
of 50 gallons is used to occasionally refresh an 
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tfiaarittbi of 12 gallons, its value is very great, 
ei^ecially in hot weather, when the reservoir may 
be kept in a cool cellar. To use it, draw from it, say 
onoe daily, about three or four or more gallons, into 
an earthenware jug. Syphon as much from the tank, 
and then exchange the two waters. In this manner 
— ^t any distance from the sea, if the aquarium 


firom the sea, or from fresh-water sources, oon- 
tinually. At the aquaria of Brighton and Scar- 
borough there is no such circulatory arrangement 
as in Fig. 1, but die water is very imperfectly 
aerated by a current of air-bubbles driven by a. 
machine from a tube, opening at the base of each 
tank. The incomplete and too slow oxygenation of 



Fig. 4.— Tn rtasT Kvowa Fumidsd Asuiatni. octaot 8b«.) 


is marine, and at any distance from any supposed 
want of a supply of sufficiently good ordinary water, 
if the acquarium be fresh-water — a constant current 
may be obtained, day and night Indeed, all the 
best large public marine aquaria, even at the 
borders of the sea, are those where the water is 
nevw changed, but ever circulated after the man- 
ner shown in Fig. 1, as it is found that water 
which has bean onoe made clear and good, and 
n>Mnf>in«i in a lesinratory state for the animals, 
is better and dearer than any water newly pumped 


decaying organic matter which this mode results in» 
necessitates the water being changed occasionally, 
and this, and other labour incurred in the manual 
cleansing which such a mode implies, causes it to> 
be a very wasteful and unscientific plan. 

The annexed wood-cut (Fig. 4) shows, from the< 
original block, a figure of the first known aqua- 
rium with flat sides. It was constructed in the- 
spring of 1849, for its proprietor, Mr. Robert War- 
ington, an eminent chemist who lived at Apothe- 
caries’ Hall, London, and who kept it tbere^ with. 
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unchajiged water, from the period above named tillhis 
death,in 1 867. It had a slate base, slate ends, and two 
^oppoBiie sides of plate glass. It measured, interiorly, 
24 inches long, and 18 inches broad. The water- 
space was 12 inches high, and the contents here 
shown were all carefully drawn to scale. A fresh- 
water aquarium is represented, but the same pro- 
portions of plants and animals would suit a marine 
one. The vegetation shown immersed in the water 
is chiefly VaMmeria, with long, stmp-like leaves, 
and there is one plant of ATvacharis {Elodea, Vol. 
I., p. 300). None of these were really wanted, 
however, because, on exposure to light, sufficient 
of the lower forms of vegetation, as Cmferva^ 
&c., would have grown quasi-spontaneously, as 
explained. Had it been a marine aquarium, doubt- 
less, in less scrupulous hands than Warington’s, 
a goodly number of the higher sea-water plants, 
belonging to the green, red, or brown series, 
would have been shown growing in the tank, after 
the fashion of some so-called “popular” books on 
the aquarium. Personally, I would give very much 
if I knew how to cultivate at will, as one gi’ows 
flowers in a garden, any of the higher marine 
algse, especially the beautiful red kinds or JRhodo- 
spermSf or even Melanoaperms, or the larger Chloro- 
sperms. Occasionally I have grown one or two, at 
rare intervals, never by skill, but always by chance ; 
and as I have never known why 1 so grew them, I 
have never been able to rej)eat the success intelli- 
gently. In Warington’s picture seveml plants, being 
moisture-loving ferns, are shown growing on the 
rock-work in air, above the water. These forms of 
vegetation, however, have no direct influence on 
the maintenance of the water below in a respirable 
condition for animals which take their oxygen from 
what is contained dissolved in that water. And 
this brings me to an important point — namely, the 
introduction, according to a too frequent practice 
in recent i)eriods, of animals breathing air by lungs, 
into aquaria. Such animals, like all others, cer- 
tainly demand the influence of plants in decarbon- 
ising the air which they have respired, but they do 
not, save in a very remote degree, which, cannot in 
any aquarium be taken into account, need to have 
any water in which they move or swim, aerated for 
their breathing of it, because they do not breathe it : 
they breathe atmospheric air. Their lungs consist 
of a mass of little cavities which air entersy whereas 
gills consist of filaments which aerated water 
sfwrtrmnds. When Milton says of a whale that it — 

“ At his gills takes in, 

And at his trank lets out, a Sea,’* 


he makes four mistakes, in spite of the beauty of 
his language: (l)m saying that the animal has 
gills, whereas it has lungs; (2) that it takes in 
water, other than in the form of aqueous vajiour, 
which is not the spirit of the description ; (3) that 
the whale ejects water by “ spouting,” as described 
and usually shown in pictures ; what the creature 
really does is, by the force of its expiration, to 
drive up into the air whatever water may be 
between its blow-hole and the surface of the sea; 
and (4) that such moisture as the animal takes into 
its body is necessarily sea- water. 

But, in truth, there is not, and can never be, any 
complete separation of influences, such is the 
wonderful inter-dependence of all organisms in 
nature. Thus, the tiny moss which so gladdened 
the eyes of Mungo Park when depressed in spirits 
and alone, amidst the sands of equatorial Africa, 
hundreds of miles from the sea, was really de- 
pendent on that seti ; and the moss, moreover, 
contributed its share — minutely, it is true, and 
in a v^^ry indirect manner — in maintaining that 
sea in a condition fit for the sustenance of other 
beings. 

I cannot end this paper better than by record- 
ing a marvellous instance of the persistence of 
vegetable life, which has come under my own 
notice, and the circumstances of wliich have been 
brought about by my own hands. On October 6th, 
1870, I placed 2,000 grains of clear sea-water in a 
glass bottle closed with a ground-glass stopper, 
tied over with oiled silk, and then wrapped it 
in two thicknesses of brown paper, afterwards 
inclosing the whole in a tin case with a cover, 
and finally tying up the whole in brown paper. 
Nearly eight years subsequently — viz., on August 
27, 1878 — I unpacked the parcel, and found the 
water perfectly clear, and free from smell, and of 
the same quantity as when I inclosed it. And, 
after exposing it for one week in a wdndow 
having a northern aspect, an abundance of micros- 
copic vegetation had already grown on the 
base and sides of the bottle. Concurrently with 
the plants, likewise came swarms of microscopic 
animals. Therefore the germs of these plants and 
these animals must have been in the water, in a 
state of arrest, for nearly eight yea/rSy and they came 
into visible existence on being exposed to light for 
scarcely eight days. Most assuredly, I never intro- 
duced any germs, intentionally, into the bottle, for 
I was too anxious to have so rare a chance of 
verifying what I believed to be the case il^oretir 
callyy but which I wished to prove practically. 
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A MICROSCOPICAL BIOGRAPH?. 

By W. Hbnky Kbbtevbn, 


I F some of the greeniBh scum of stagnant water, 
taken during the autumn months, be placed 
under the microscope, the colour will be foimd to 
be due to the presence of numberless specimens of 
a certain animalcule. 

This is the Euglma viridis, a minute creature, 
belonging to the Infusoria, members of the lowest 
group of the animal kingdom. Under low power, 
these animals are seen to consist of cigar-shaped, 



Fig. l.^Englena viridia. (Magnified 500 diameters,) 

fa) Buglena as seen when moving rapidly ; ({>) Tlirough-tbe-Hoop Move* 
ment ; ^c) State uf fleet ; Ctf) ScgmentatioiL 

cylindrical masses of greenish jelly, or, more cor- 
rectly, sarcode,” one remove from protoplasm, a 
substance found alike in plants and animals 
(Vol. I., p. 340), Sometimes they appear per- 
fectly spherical. In the former state they move 
rapidly about the field of the microscope, revolving 
at right angles to the direction in which they 
travel. In the latter, or spherical, condition they 
are quite still, and are said to be at rest. In 
addition to the above method of locomotion, they 
possess another and a more peculiar (Fig. 1). 

An individual will pause suddenly in its rapid 
whirling progress, and will apparently attach it- 
self by its tail or posterior extremity to the glass. 
Making this attachment act as a pivot, it slowly 
and gracefully waves round and round, with its 
body still elongated. In this state it will remain 
for several seconds, and will then either detach 
itself suddenly and depart rapidly with its former 
motion, or it will gradually assume a spherical 
form, contracting its front and hinder extremities 
towards the middle poiiiion of its body. This 
bulges at right angles to its axis till it has assumed 
the form of a perfect disc. In this shape it slowly 
revolves in a hoop'fashion once or twice, sufficiently, 
at all events, to make it a matter of doubt as to 
whidi is the anterior and which is the posterior 
side of the disc ; it will then slowly elongate itself 


again: the effect of i^e whole process being to 
produce the appeaiance of making itself into a 
hoop and then walking through itself. 

Under the higher powers of the microscope these 
movements are seen with greater accuracy, and 
certain other points in the anatomy of the animal 
become manifest Thus, its front extremity or head 
is seen to be rather a complicated organ. It has 
one red “ eye,*' or eye-like spot, situated about one- 
eighth of its entire length distant from its anterior 
extremity. It has also a very curious organ, which 
it uses both for locomotive purposes and presumably 
for the purpose of collecting or catching its food. 
This is a long, thread-like filament. In length, this 
filament sometimes equals that of its body. It is 
exceedingly fine, and, having a very rapid move- 
ment, is very difficult to see. In fact, except when 
the animal is in a pariial state of rest, or gently 
revolving on its posterior extremity, tlxis organ 
cannot be detected. When in the state of complete 
I'est, it is folded up in such a manner as to I'ender it 
invisible. This state of rest seems to be assumed 
for two purposes, and under different circumstances. 
It may be assumed apparently with no other puipose 
than that of procuring rest ; for at times, after re- 
maining in this condition for an indefinite time, the 
animal will slowly revolve and again start on its 
peregrinations, generally commencing with the 
slower, or through-the-hoop method described above, 
and then suddenly starting off, much after the 
manner of a bullet from a grooved rifle-barrel. 

The state of rest is also assumed for another and 
more important purpose. These animals, as they 
reach a certain age, somewhat change in appearance. 
Instead of being of a uniform brilliant green tint, 
the green colouring matter becomes divided, leaving 
intervening sjmees of colourless material. Shortly 
after this has taken place, the animal settles down 
into a state of rest : that is, it assumes a fixed spheri- 
cal form. This condition may, under these circum- 
stances, be considered as the death of the individual 
as an individual. The green particles collect in the 
centre, apparently forming one mass, and leaving a 
circumference of colourless material. This becomes 
divided into two or three zones, apparently forming 
a sort of cell-wall or envelope, in which is confined 
a small, spherical, green, moving masa The move- 
ment of thia mass is intermittent^ and consistB of 
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ravolutioxis, firgt in one direction, then in another. 
After aome further interval of time, a further change 
takes place ; the green mass divides into a variable 
number of smaller masses, some larger, some smaller, 
the appearance of zones in the envelope disappears, 
and the green masses gradually approach the circum- 
ference. In this position they are developed into 
perfect individuals, and after a time, rupture of the 
cell- wall taking place, they escape as sucL 

To ascertain the periods of time thus consumed 
in the different steps of the life-history of this 
interesting animalcule, it would be necessary to 


watch an individual throughout its eustence. Thin 
is a matter of great difficulty, for the reason that 
the lifetime which has to be observed lasts longer 
than the small drop of water in which the animal 
is living on the slip of glass under the microscope; 
and as their extreme length, when at their largest, 
does not exceed the 100th part of an inch, it will 
be readily understood that it is not possible to 
watch them except under the microscope. 

The life-history, as above described, has been 
made out from numerous specimens, exhibiting the 
different stages of growth and reproduction. 


FIRING A SHOT. 

By H. Baden Peitchard, F.C.S., late of the Royal Arsenal, Woolwich. 


W E have from time to time heard so much of 
the doings of big guns that it is well werth a 
moment’s reflection to consider what is involved in 
the operation of firing a shot. In the early days 
of the ‘‘Woolwich Infant” it was avowed that 
every time that 35-ton piece of ordnance was fired 
a ten -pound note was blown from the muzzle in 
the shape of powder and projectile ; and now that 
we have 80-ton weapons which fire bolts of three- 
quarters of a ton, and as much gunpowder as is 
represented by a sack and a half of coals, the cost of 
a shot has increased still fuHher (Fig. 2). But it is 
not so much the cost as the physical and chemical 
aspects of firing that I have here to discuss ; and if 
the reader will lend his attention for a little while, 
it will be possible, I think, to explain these to his 
satisfaction. 

Most people know what gunpowder is, and how 
it is manufactured, although none of us can tell 
from whom we first derived the knowledge. We, 
in this country, usually point to Roger Bacon as 
the discoverer of gunpowder; while our German 
cousins are very firm in their dictum that no other 
than Berthold Schwarz was its originator. At the 
same time it is very ceiiain from references found 
in Arabic and Chinese, that the composition of the 
explosive was known long before either of those 
philosophers came into the world. Still, if we are 
to regard gunpowder as an agent in firearms — and 
it is important only in this respect, and for blasting 
purposes — ^then it can hardly be disputed that the 
material was, in the first case, employed in warfare 
in Europe, and the battle of Cressy is usually cited 
as the occasion on which “ villainous saltpetre ” was 
originally used. 


In the same way as all attempts have proved 
fruitless to discover the inventor of gunpowder, so, 
too, has every effort of ours failed to improve its 
chemical composition. We use pretty well the same 
proper dons of charcoal, sulphur, and saltpetre in its 
composition as were in vogue five hundred years 
ago, and if we have to-day succeeded in producing 
a more trustworthy and handy product, this is 
simply because our means of manufacture have 
been bettered. Gunpowder prepared for warlike 
purposes is usually made up of 

Nitre 75 per cent. 

Charcoal 15 „ 

Sulphur 10 „ 

and I may, in a few words, explain how its manufac- 
ture- is carried on. In the first place the ingredients 
are very intimately mixed together, and as soon as 
this is done they are earned off to the “incorporating 
mill.” Here heavy rollers reduce the mixture to a 
fine powder, and to render the “incorporation” 
still more complete, a little water is sprinkled upon 
the mass. This is now termed “mill-cake,” and 
after it has been put under hydraulic pressure, to 
press it into solid cakes, the name “ press^ke,” is 
applied to it. “ Press-cake ” is gunpowder sn Wbc, 
and according to whether you want coarse or fine- 
grain gunpowder, so it is broken up into small or 
large grains. This fact it is well to bear in mind, 
since one is apt to believe that the coarser the gun- 
powder appears, the more coarsely it is mixed; 
all gunpowders, however, no matter how they 
appear to the eye, have been thoroughly and 
intimately incorporated. To give the grains the 
polished appearance they exhibit they are rolled in 
a drum, and thus hardened and glazed 
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In the case of gunpowder employed in our heavy 
gtins nowadays, the name ** powder ^ is altogether 
a misnomer. The grains have grown to monstrous 
aise ; and two-inch cubes are sometimes employed, 
weighing half a pound a piece. Pebble-powder, 
pellet-powder, prismatic-powder, mammoth-powder, 
potidreiriUale — the latter not so large a grain, 
albeit it has proved mischievous enough — are some 
of the names given to cannon powders (Fig. 1 ). The 
reason for this enlargement of the grain is not far 
to seek. As I have said, the chemical constitution of 
powder has not varied in any marked degree, but, 
nevertheless, its burning properties have been 
placed under considerable control by simply altering 



Pig. 1.— Various Kinds of Powder. 

(1) PoudreAmtUie ; (3) Pebble ; (3) Mammotb ; f4) IVismstic; (5) Cube. 

the form and density of the grains. When we had 
smooth-bore guns and mortars to deal with, and a 
loose-fitting cannon-ball, the main thing necessary 
in firing a shot was to jerk out the latter with as 
much force as possible. But if we did this with 
rifled weapons, we should, in all probability, simply 
burst the arm, without stirring the shot. In a 
rifled gun we want the projectile to be gradually 
brought into motion, and to be impelled by a steady 
and increasing push. This would not be the result 
if the old gunpowder were used, consisting of fine 
graina Fine-grain gunpowder explodes quickly, 
and would strain the gun terribly before the shot 
got into motion at all ; what is wanted, therefore, 
is a slower burning material, and this is secured by 
having recourse to grains of larger size. A given 
weight of powder in one mass takes longer to bum 
than the same weight divided into ten fragments all 
kindled at once. The less surface there is to kindle, 
the slower will be the combustion, and as large 


masses presentlesssur&oe — ^weight for weight — ^than 
small ones, it follows that large-grain gunpowder 
must necessarily burn slower than fine-grain. It is 
for this reason that the grains of gunpowder have 
grown with the size of our guns. An artilleryman 
always wants to get the most work out of his gun, 
and he can only do this by carefully studying the 
size of his gunpowder. I£ he has the grains too 
small he strains the weapon without increasing the 
energy of the shot ; if the grains are too large, they 
may he still unconsumed when the shot leaves the 
muzzle, and some of the charge is blown from the 
gun unbumt. To be brief : in a rifled gun the 
powder should exert its maximum effect when the 
shot has reached the muzzle, but not till then. It 
may appear to the reader, at first sight, a matter 
of some difiSculty to ascertain whether gunpowder 
does its duty properly in this respect ; but as I shall 
presently show, the way to find this out is tolerably 
easy after all. 

And now in respect to the chemical change which 
gunpowder undergoes in firing a shot. Gunpowder 
does not require air for its explosion ; it carries 
oxygen enough — in the saltpetre — to serve for its 
own decomposition. It can be tightly shut up in a 
canister and sunk in the sea, and yet be exploded as 
readily as in the open air. On ignition, the char- 
coal, or rather most of it, which consists of carbon, 

combines ** with the oxygen of the saltjyetre and 
becomes carbonic acid in a gaseous state. It is this 
carbonic-acid gas, added to a large volume of nitro- 
gen, which is also set free on the decomposition of 
the saltpetre, which supplies most of the elastic 
force necessary to fire the shot. The gases being sud- 
denly generated in a very ^onfined space, at once 
expand, and cause the shot to be expelled from the 
gun, together with all that noise and vibration which 
are inseparable from the discharge of firearma 

This is not all that takes place in the combustion 
of gunpowder, for carbonate of potash, sulphate 
of potash, and possibly other salts too, are formed 
in the sudden decomposition that ensues on tihe 
firing of a shot The sulphur, for the most part, 
passes into sulphuric acid, combining with oxygen 
to do so, and then forms the sulpliate of potash of 
which we have spoken. To send the shot on its 
rapid flight, it is necessary to generate quickly ihe 
largest possible volume of gas in the chamber of 
the gun, and this is effected by the intimate mixture 
of saltpetre, charcoal, and sulphur, represented by 
gunpowder. 

But, it may be asked, what is the volume of gas 
produced, compared to the original space occupM 
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Iqr the ganpowderl for in that way only can we 
get an idea of the sadden energy that is generated. 
This is not so easy to determine, for hot gas takes 
up much more room >than cold gas. In a gun we 
do not quite know the temperature of the gas* at 
the time of explosion, for as soon as the shot begins 
to moye the gas rapidly cools. In the case of gas at 
a temperature of 60'' Fahr., it is found that one cubic 
inch of gunpowder yields about 207 cubic inches of 
gas, at atmospheric pressure. Confined in a small 
space at the tiuie of explosion, and being, too, at a 


all, charcoal, it seems, varies very much in its 
character. Therefore, although we always add 
the same amount of charcoal, we do not always 
get the same result. According to the tempera- 
ture of charring, and the state of perfection 
to which this process is carried, so does the 
percentage of carbon vary, and as there is more 
carbonic-acid gas than any other generated on the 
explosion of gunpowder, this point is naturally 
one to which great importance attaches in these 
days of arms of precision. 
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very high temperature, it is reckoned, however, 
that the gas at the instant of firing would occupy 
momentarily ten times this volume at least, so 
that, advantageously ignited, one cubic inch of gun- 
powder expands more than 2,000 times ; and this, 
we are told, is equal to exerting 34,600 lb., or 15i 
tons upon the square incL No wonder cannon- 
balls move through the air at a high velocity. 

Before dismissing the chemical aspect of the 
subject, there is one more point that must be 
alluded to. Although, as I have said, the propor- 
tions of the materials employed in the manu- 
fiscture of gunpowder practically never difier at 


We know now something both of the mechanical 
and chemical nature of gunpowder, and also of 
its conversion into gas and the expansion of the 
latter at the time of firing a shot. We will now 
^ further, and follow the shot in its career. Not 
too quickly, however, for I wish the reader to fully 
understand how much we have recently learnt of 
the doings of the shot both inside and outside the 
gun. Under ordinary circumstances, I may men- 
tion, that a projectile, in one of our heavy rifled 
guns, takes, as nearly as possible, y^th part of a 
second in travelling fix)m one end of the weapon 
to the other. Many will smile, no doubt, at such a 
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itatement j bat it is no baj^iasard guess, as will spmd. The grindstone or wheel is of metal, and 
presently be seen. It is possible,' nowadays, to its outside edge is blackened by allowing the soot 
measure with accuracy the flight of a riiot to within or smut of a candle to deposit itself thereon. It is 
a millionth part of a second, with the aid of an a singular circumstance, that if you have a soot- 
electric tell-tale, to which its inventor. Captain covered metal surface, and permit an electric spark 
Noble, has given the name of “ Chronoscope.” to hop upon it, the spark flicks away the soot, anda 

The chronoscope, too, is an instrument very easy tiny round spot of bare metal is the result where 
to understand. Inside the gun are fitted half a the electric discharge has taken placa This fact is 
dozen rings through which the shot passes on its made use of in the chronoscope. 
way to the muzzle. The rings are placed at an Let us now suppose the blackened wheel of the 
equal distance from one another, and may be taken chronoscope to be revolving rapidly — there are in 
to represent so many stations past which an express reality several wheels, but one is enough for pun 
train rashes at great speed, the projectile being the poses of explanation-^and that the gun is ready to 
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express train in question. Each station has its own be fired. Almost touching the rim of the wheel 
electric signal, whereby the passing of the shot is are the ends of the wires coming from the rings in- 
recorded. Under each ring is a wire, and this side the gun. Suddenly the shot is fired. The 
wire leads away to the instrument-room where the projectile getting into motion immediately passes 
records are received. An electric current passes the first station or ring ; the wire underneath is cut, 
along each wire from the gun to the instrument, the electric current is instantly suspended, and a 
but when the shot passes a ring it presses the latter spark passing to the instrument-room bops on to the 
down upon the wire and cuts the same. So that revolving wheel. Number 2 ring, as the shot passea 
one ring after another, as the shot passes by, cuts the through it, sends in like manner a spark through its 
wire under it The eflfect is of course that the wire, and this also makes a tiny spot upon the 
electric currents are also broken successively on one blackened wheel just after the first spot And ao 
wire after another, and this fact is convey^ to the on with rings 3, 4, 5, and 6, all of which send 
instrument-room by six tiny sparks coming along their respective sparks as the express train, repre- 
the six wires immediately one after another. seated by the shot, trasses by all the stations. 

In Ihe instrument-room is the chronoscope. This The sW fired, we stop the rotating wheel, and 
instrument may best be understood by picturing to then find recorded upon it, one after another, six 
oneself a fly-wheel or a grindstone rotating at great tiny spots. The space between the spots represents 
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the time whM* tiie shot has taken to travel from gradnally less, proving that the shot moves veiy 

ling to ring inside the gun. As the wheel has fkst as it nears the muzzle. 

been revolving at a certain specific speed, and as, By means of the chrcnoscope we can thus tell 
moreover, we know precisely the drcumference of if a gunpowder does its duty, for the development 

the wheel, it is a mere matter of figures to find out of eneigy, whether fast or slow, is at once recorded, 

what friuticm of time these intervals represent. Again, when the shot issues from the muzzle, it ii^ 
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As 1 have said, a hundredth of a second is con- 
sumed in the case of a shot passing through the 
whole length of our heavy cannon, but after the shot 
once begins to move its velocity increases rapidly. 
This is shown by the records on the chronoscope 
wheela If the shot passed all stations at the same 
speed, the tiny specks of bare metal would be equi- 
distant. This, however, is not the casa On the 
eontrary, the intervals between the records become 


possible, by having recourse once more to electricity, 
to tell precisely the range or penetration of the 
missile. There is no need for a long practice- 
ground, or a stout iron target; artillerists now- 
a-days can tell very well what a shot will do if the 
proof-butts are within a hundred feet of the muzzle 
of the gun. This is done by calculating what is 
termed the initial velocity ” of the shot. 

A screen of fine copper wire is erected in the path 
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'of the shot, just in front of the mi^e ; another 
similar screen is placed a hundred feet off, also in 
such a way that the shot will pass right tiirough, 
as it plunges forward at the outset of its journey. 
In t^ way we get the projectile to break Num- 
ber 1 screen, and to travel 100 feet before break- 
ing the second. In both cases an electric current 
is passing through the copper wires of the screens, 
which are connected by other wires to the instru- 
ment-i'oom. At the discharge of the gun, the shot 
therefore is made to break two electric currents one 
afbemn other, as it tears through the screens (Fig. 3). 

The recording instrument in this case (Fig. 4) is 
more simple than the chmnoscope. It consists in the 
main of two magnets, which are magnets, however, 
only so long as an electric current passes round 
them. The instant this current ceases, the magnets 
lose their virtue altogether, and are then nothing 
more than pieces of iron. We will now imagu\e 
that the gun is ready for firing, that the electric 
current is passing, and consequently that we are in 
possession of two magnets. From these electro- 
magnets are carefully suspended two metal rods; 
Number 1 magnet being in connection with the first 
wire screen, and Number 2 magnet in connection 
with the second screen. The shot is fired. It rup- 
tures the first screen. What happens ? Why, the 
first electric current is broken forthwith, and Num- 
ber 1 magnet has no longer any virtue. The metal 
rod that has been sus[)ended all this while, con- 
sequently falls. 

But while Number 1 metal rod is yet falling the 
shot has travelled a hundred feet, and has ruptured 
the second screen. Hereupon magnet Number 2 has 
ceased to be a magnet, and the second rod, which 
has been hanging parallel to the first, also drops. 
This second rod in dropping falls upon a sort of 
trigger arrangement, which causes a sharp knife-edge 
to dart forth, and this knife touches rod Number 1, 
which has not yet h^ time to fall its entire length. 
Indeed, Number 1 rod, which is about two feet long, 
has only had time to fall about half its length, when 
this knife makes its mark, and it is the where- 
abouts of the indentation upon the rod which tells 
us how fast the shot is flying. If, for instance, 
when we pick up rod Number 1, and examine it, we 
find the abrasion twelve inches up, then it is a 


patent fact that the rod fell a distance of twelve 
inches while the shot travelled a hundred feet. 
The weight of the rod is accurately known, and ai 
the time too is known that a given weight takes 
to fall a certain distance, the actual fraction of a 
second is quickly calculated. As a matter of fisot^ 
I may say, that a shot such as our “Woolwich 
Infants ” fire, travels through the air at the outset 
at a speed of something like 1,600 feet per second. 

One other means of determining the pressure of 
gas inside the gun, deserves to be mentioned, since 
it affords a ready way of ascertaining whether the 
weapon is being strained or not. For instance, in 
the 80-ton gun, it has been taken for granted, that 
any pressure beyond 25 tons to the square inch is 
injurious to the weapon, and this is the maximum 
which any powder should be permitted to exert 
Both the chronoscope and the initial velocity 
apparatus tell us something of the pressure, but to 
make quite sure, a little copper pillar, called a 
“crusher-gauge*^ is used. The copper pillar is 
fitted loosely inside a tube ; one end is fixed against 
an anvil, to prevent it moving backwards, so that 
when subjected to the pressure of the gas inside the 
gun, the pillar gets compressed and crushed to a 
ceHain extent. In a word, tlie pillar becomes 
shorter, and assumes something of a barrel-shape. 
The “ crusher-gauge ** is either fitted to the base of 
the shot, or somewhere in the tube of the gun, 
where the full force of the gas can act upon it. 
After firing, the height of the pillar is accurately 
gauged, and the shorter it is, of course the greater 
has been the amount of pressure. The exact 
pressure is at once ascertained by comparing it to 
other similar pillars which have been subjected to 
various degrees of pressure. 

Thus, firing a shot at the present day involves 
many considerations and calculationa The employ- 
ment of gunpowder in firearms is no longer a 
matter of rule of thumb as in the days of smooth- 
bore guns and round cannon-balls, and gunnery 
has of late become a science of itself. We should 
never have dared to construct monster rifled 
ordnance, and to employ therein battering charges 
of several hundred pounds, if we did not all the 
while know something of what was going on inside 
the gun. 



WHA® IS POWER"! 


WHAT IS « POWER’’? 

Bt Willtax DumoAB Soott-Monc&ibff. Citil Ekoinibb. 


W HEN the word ‘‘power” waa first used by 
our Anglo-Saxon anoestors, men thought veiy 
little about science. In those early days the habits 
of observing the common occurrences of nature 
had never been acquired. The simplest pheno- 
mena were unnoted, and only those events attracted 
attention which were rare, and only those which 
were marvellous excited wonder. The fall of an 
apple must have been noticed from time imme- 
morial, but it remained for the inquisitive of 
modem times to discover the laws that regulate 
its descent Newton and his contemporaries had 
a method of studying nature which showed that 
the marvellous was often most easily explained, 
while the common occurrences of eveiy-day life 
remained as subjects of inexhaustible interest. 
The story of the falling apple — apocryphal or not 
— ^is an apt illustration of how great things and 
small are alike dependent upon the laws of the 
universe, since it is said to have suggested the 
first conception of the forces which control the 
motions of the stars ; and it is the purpose of the 
present paper to show how “power,” which is a 
necessary condition of /orc6 and w(yrk^ is exhibited 
among the common objects of every-day life. It 
will be well, perhaps, before going further, to say 
something of the word itself. 

In many cases a woH when imported into a 
special field of usefulness has acquired a meaning 
peculiar to that particular relationship \ as, for 
example, the word “field,” which in this sentence 
is employed in an indefinite and suggestive foim 
to convey the idea of scope or capacity, but 
which, as the reader is aware, is also used in 
optics to convey the meaning of a range or limit 
of vision. This constantly increasing demand 
for words to convey precise and specific scientific 
meanings has been going on for a long time, and 
has been encroaching upon the ordinary vocabulary 
of the hm^age until it has become necessary to 
find new methods of adding to our supplies. To 
this end all sorts of ingenious devices have been 
resorted to. For instance, in the measurement of 
electrioily, the words “ gallons,” “ tons,” “ incnes," 
Ac., were manifestly inapplicable, and as the 
new measurement requir^ a special method, 
electricians invented some new standards alto- 
gether, and killed two birds with one stone by 
61 


framing a set of suitable words, and at the same 
time immortalising the great electricians by making 
their names the foundation of the new termin> 
ology. There are several departments of literature 
to be greatly congratulated upon this elFort on the 
part of Science to shift for herself in the matter of 
a vocabulary. Generally speaking, it would be an 
exceedingly bold thing for even the most distin- 
guished masters of a language to invent a word for 
the ordinary purposes of literature ; but no one is 
ever likely to find fault with scientific men for 
introducing them to their hearts^ content. Every 
one who has any regard for the integrity of the in- 
heritance we have received in our great and noble 
English language, will be glad to see it preserved 
to the uses for which it was originally intended. 

Passing now to the particular subject of this 
paper, the choice of the word “power ” has, on the 
whole, turned out to be somewhat unfortunate, not 
so much because it is unsuitable for conveying a 
certain exact scientific meaning, as because a con- 
fusion of ideas had already arisen from its being 
misapplied to certain uses which science showed 
afterwards to be inconsistent with the best appli- 
cation of which it was capable. The word originally 
was, no doubt, used in very much the same sense 
as “strength,” with which it has a very remote 
scientific connection. A distinction is apparent, 
however, even in the popular application of the two 
words, “ power ” and “ strength,” when we find the 
first used in such a connection as that of “ water- 
power,” or “ wind-power,” because here a peison of 
the most ordinary intelligence can distinguish 
between that sense of capacity for work which is 
conveyed by the word “ power ” as contrasted with 
the idea of repose whidi is given in “strength.” 
This distinction has found its development in two 
distinct sciences — “ statics,” the science of material 
repose; and “dynamics,” the science of moving 
energy. 

As an illustration, we will now notice the broad 
distinction* which exists between the “ power ” of 
water in a mill-pond and the “ work ” it does in 
tumbling over a water-wheel. If the water re- 
mained a thousand years in the pond, it would 
do no work, but would be like the apple suspended 
from the trea During all that long period, how- 
ever, it would retain a capacity for work, just as 
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the retains a oapaatj^ for falling ; and 
oafiaotty would vary in tiie ’^t^rtion of the 
quantity o£ water the pond oontained. In summer 
it would be less, and in winter after the rains it 
would be more. Now, the world is a storehouse of 
such dements of power as we see in the mill-pond. 
When we begin to trace the causes of these differ- 
ent sources of power, we find they are continually 
shifting back and back and back, until at last we 
are obliged to look for their origin among the first 
conditions of force, about which we know nothing 
at alL In the case of the mill-pond, we can readily 
discern the more immediate causes of the power 
which is stored in it Where the water that fills it 
comes from we cannot exactly say — perhaps it came 
from the Pacific, and perhaps from the Atlantic 
Ocean — but as we know it came down in the form 
of rain, the only reasonable conclusion we can arrive 
at is that it has been carried by the winds in the 
form of clouds, from some hot latitude largely sup- 
plied with water, where it rose first of all in the 
condition of vapour. It is veiy easy, therefore, to 
come to a satisfactory conclusion upon the imme- 
diate origin of the power ** in the mill-pond, and 
to fix upon the sun, whose heat first evaporated the 
water, as its souix^ and origin. When we trace the 
supply of ‘‘ power ” to the heat of the sun, however, 
our difllculties are only beginning ; but as this is out 
of the r^on of terrestrial physics, we cannot pursue 
the inquiry further ; partly because at this stage it 
is made up, to a great extent, of theories that have 
never been proved and are perhaps incapable of 
proof, and partly because it is really beyond the 
scope of the present paper. It is enough for our 
purpose if the reader is able to understand the 
difference between the conditions of power as it 
exists in the mill-pond and the ^^work” which 
it does in falling over the water-wheel There 
18 another point which has been sufiiciently in- 
dicated to enable some explanation to be given 
before proceeding. As we find that some cause 
bus been at work to produce the capability of 
doing work in the mill-pond, so we may be certain 
that throughout the entire storehouse of nature, 
wherever we discover a capacity for “work,” so 
certainly we may predict that some sort of force 
has been the agent which produced it. When we 
oome to consider where these conditions of power 
are illustrated, we discover them at every step of 
our daily life. It so happens that in the case 
of the mill-pond we have to deal with a fluid which 
is so readily subservient to the laws of gravitation, 
that it willingly follows every curve and bend of the 


miU^nice, and ^dashes menfly over ^e miU**wheel, 
as if rqoicing in its usefrdneas. howevmv ve 
take the solid instead of the fluid oonditicm of matter, 
we And the veiy same principles of latent energy, 
with the simple difference that in the case of the 
water they are readily available for the uses of men, 
and in the case of rooks and stones, lying high up 
upon the mountain tops, they are like lazy but 
powerful slaves, who cannot be made to work at 
all It is quite certain that the stones of a high- 
land “corrie” never came there by the agency of 
the sun raising their particles to the skies in the 
torrid regions of the equator, as happened in the 
case of the drops of water that make up the liquid 
volume of the mill-pond ; but we may be certain, 
nevertheless, that force of some sort was at work 
when they were first raised to their present position, 
and it is equally certain that if they could be made 
to tumble peaceably over a mill-wheel without break- 
ing it to pieces they would do an amount of work 
which would be measured by thefr weight multiplied 
by the height from which they descended. Pur- 
suing this train of thought a little further, the 
reader will now be able to see that in a large town 
even the stone and lime of which the .houses are 
built are in fact great storehouses of “ i)Ower,” and 
although the value of the buildings dej^ends upon 
all this “ power ” remaining in a state of complete 
repose, still just as the water in the mill-pond and 
the stones in the Highland “corrie ” are capable 
of doing work if the one is allowed to rush through 
the sluices and the other to tumble down the hill- 
side, so our bricks and chimneys, if they were able 
to get to “work” by tiunbling about our ears, would 
be powerful to do a great deal of damage before 
they reached the level of the ground beneath. 
Moreover, just as we discover the agency of the 
sun in the mill-pond and of some primordial forces 
in the high-lying rocks of our mountains, and, 
indeed, of the elevated masses of the moimtains 
themselves, so among our bricks and chimneys can 
we discover an original supply of energy in the 
patient labours of the hod-man who climbed with 
his back-load of materials to the different courses 
of the house which he helped to build. 

As long as the word power was applied to wind 
and water, the good people who made use of 
these natural forces to grind their com troubled 
their heads very little about its scientific meaning. 
It was nothing to them that the word “j^otoer” 
ought really to be applied to their suj^y of 
water before it was allowed to fall over the 
dam; or that the measure of the water-power 
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w$» the weight the water multiplied by the 
he^t at which it lay in the pond above the 
water-wheeL It was nothing to them that the 
yitoim term to apply to the water as soon as the 
sfuioes were lifted, and it escaped roaring and 
j^ladiing over the water-wheel, was ** work,” and 
that the efficiency of its performance depended 
upon a variety of conditions, superadd^ to the 
great factor of power ” which it retained in the 
quiet repose of the mill-pond or lake. It was 
'enough for them that the water ground their com. 
So things went on for centuries, and no one troubled 
themselves to use the word ‘^parnr ” in any other 
sense than their forefathers had used it before 
them. A new state of things, however, arose 
when the forces of nature were beginning to be 
found insufficient for the wants of the |K)pulation, 
and when James Watt was inventing engines that 
could be put upon wagons, and conveyed from one 
part of the country to the other, and erected when 
they were needed in such a maimer as to supply 
more power than the mill-pond or the river. 
Then, people, before they parted with their money, 
wanted to know what they were getting in 
exchange for it, and if one manufacturer paid 
£1,600 for an engine, he wished, naturally enough, 
to be quite sure that he was getting £500 more 
value in power” than his neighbour who only 
paid £1,000 ; and so some standard became neces- 
sary by which the value of his engines could be 
estimated, and James Watt hit upon the expres- 
sion ‘‘horse-power,” and applied it to the sale of 
his engines. It was here that confusion arose 
from the scientific misapplication of the word 
“ power,” and this I will tiy to explain by showing 
what mistakes were made in applying this word 
to such a purpose as a standard for the sale of 
steam^ngines. It becomes apparent, in the light 
of the explanations we have already made, that a 
steam-engine without the boiler has no power 
whatever ii' it happens to be erected at the level of 
the sea. 

To speak, then, of the “ power ” of an engine, in- 
dependently of the pressure of steam in the boiler, 
was dearly a misapplication of the scientific use of 
the word ; and this was what was done when the 
term “horse-power” was applied to the steam- 
engine, without any notice being taken of the pres- 
sure of steam which was necessary to drive it. 
What was wanted at the time was simply some 
standard by which engines could be bought and 
sold, so as to enable the buyer to know that he was 
getting a &ir value for his money, as compared with 
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his neighbours who were buying engines as well 
as himself. Accordingly, we find the rules for the 
nominal horse-power of an engine to be based upon 
the area of the cylinder and the length of the 
stroke of the engine, together with the velodty at 
which the piston of the engine travelled If the 
reader consideis these conditions for a moment, he 
will see, in the first place, that, although the rules 
which were framed upon them are called rules for 
nominal horse-power, there is no idea of “ ^wer,” 
in the scientific sense, conveyed by the terms at 
all ; and that, in the next place, they are equally 
defective as rules for “ work ” or efficiency, as the 
pressure of the steam, upon which the amount oi 
work altogether depends, is entirely excluded 
These rules, then, were really framed on a false 
scientific basis, and gave rise to a misapplication 
of the word “ power,” which has been adhered to 
ever since. 

For the practical purposes of a standard in the 
buying and selling of engines, it was well, perhaps, 
that Watt did not include the factor of steam pres- 
sure in calculating the nominal horse-power of his 
engines, for the simple reason that the standard 
of one period would have been quite false for 
another. There were no difficulties in the early 
manufacture of the steam-engine which proved to 
be more obstinate, or which were more slowly 
overcome, than those which beset the engineer in 
providing a strong and suitable vessel for raising 
and retaining the pressure of steam. As time 
went on, however, improvement followed upon 
improvement, until a pressure of steam and an 
economy of the fuel required for raising it was 
reached that rendered all calculations of the 
nominal capacity for work of the early steam- 
engines quite unsuitable for the present day. So 
much is this the case, that the buyer of a modem 
marine engine is not likely to be satisfied with his 
bargain unless he gets six times the amount of 
work fix>m his purchase that would have been con- 
sidered a fair allowance for an engine of the same 
dimensions in the days of Watt, when the rules 
for nominal horse-power, unscientific though they 
were, still indicated approximately the actual work 
which the engines were capable of doing. 

It is now time for us to inquire in what way the 
term “ power ” is applicable to a steam-engine ; and 
in this we shall be greatly assisted by returning to 
our former illustration of the mill-pond. The 
reader will naturally wonder what there is in 
connection with a steam-engine that is like a 
mill-pond ; but when we go back, and call to mind 



SCOllNOE FOE AUj. 


m 

tiuit the mill-poad ’weeaiily a storehooBe enei^, 
idiich «e fonad had been laid y.p by the heat of 
aim evaporating dropa of water that oom- 
poaed it, there will be no great difficulty in finding 
the analogy in the heat of ^e boilear-fnmaoe which 
nuaes the steam. In the case of the imll>pond, the 
water which oonstitates its power roae to the skies 
in the form of vapour, which saturated the hot air 
and ascended along with it. Here we find the 
heat of the sun expanding the elastic fluid of the 
atmosphere, according to laws that are quite in- 
variable, and— except that these laws come under 
somewhat altered conditions in the evaporation and 


is sufficient to point out tint the force of gravi^, 
aa r^reaented by the height to whuffi the water 
has been laiaed, is the work which the heat of the 
sun has done, and which has been transformed into 
the power of the mill-pcmd ; while the expansive 
force inherent in an elastic fluid at hi^ tonpera- 
tnre, and which is a storehouse oS power in ^ 
boiler, has bemx the result of burning fuel in the. 
fumaoe of the steam boiler. 

The work done by the mill-pond and the steam- 
engine is therefore quite a separate affair from the 
“potoer" both of the water and the steam, which, but 
for evaporation in the one case, and loss of heat by 
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expansion of steam — we see exactly the same pro- 
cess at work with the heat of the boiler-furnace. 
For every degree of temperature which is added to 
the heat of the steam, it expands to an extent that 
has been clearly determined by experiment ; or if it 
is confined in such a way that it cannot escape, 
then the pressure increases as a* sort of quid pro quo 
instead of the expansion. Now we have already 
stated that wherever in the great storehouse of 
Nature we discover a capacity for work, so certainly 
we may predict that some sort of force has been 
the agent which has produced it. In the case of 
the mill-pond, we have seen that it had its origin 
in the heat of the sun; and now we find that the 
‘'power” stored up in the boiler of the steam- 
engine depends upon the heat of the fumaoe. At 
some other time we hope to speak of those trans- 
mutations of force which render power available 
for doing useful “ woiric but in the meantime it 


conduction in the other, might be stored up for yeaie 
without doing work at all, like the lazy stones on 
the sides of the mountains. The moment the sluices 
are raised or the steam valve is turned, the “jtxnoer ” 
both of the water and the steam immediately dis- 
appears ; and it is the aim of the engineer to take 
the fullest advantage of the ux>r& into which the 
power is capable of being converted. 

Upon referring to the engraving (Fig. 1), which 
represents a section of a locomotive steam-engine, 
the store of power is seen in the fire-box, where 
the arrows point in the direction taken by the 
flames and heat of the fuel on their way thro^ 
the boiler-tubes to the chimney. The beat in its 
passage is communicated to the water, which is 
then converted into steam, and so confined in the 
boiler that it becomes a reservoir of “power.” 
When it is allowed to pass into the cylindms, it 
drives the pistons backwards sad forwards, giving 
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ijk wtexj mxmmmt to the driviBg-wheels, whidi thus 
become the ultimate medium of doing the w<»rk of 
lobomotion. The measuie of the power is to be die- 
corei'ed in the amount of heat in the steam, and the 
measure of the work performed will be found in 
the mean pressure, which is the result of the heat 
multiplied by the area of the pistons, and by the 
distance they travel in a given time. If the work 
is measured by the heat only, it will increase with 
the difference of the temperature at which the 
«team enters the cylinders and that at which it 
leaves them. 

Turning now to the storehouse of pomr which 
we discover among the forces of nature, we must 
ask the reader to look upon the earth in its rela- 
tion to the heat of the sun. If we pull a spiral 
spring and hold it in that extended position, it 
will have a constant tendency to return to its 
original length; and the moment we release it, 
if we have not stretched it too far, it will rebound 
with an amount of force that is the equivalent 
of that which was necessary to stretch it. In the 
same way, if we raise a weight from the ground the 
force necessary for this purpose will always remain 
upon sentry, as it were, ready, like the spiral spring, 
at a moment’s notice to take advantage of the iirst 
opportunity to return to its original level. Now 
we find that those regions of the earth which 
are termed temperate, either from their distance 
from the equator, or from their great height 
above the level of the sea, are the storehouses of 
power which we get as an equivalent for the work 
done by the sun. All day long and all the year 
round the sun is evaporating water which saturates 
the atmosphere and rises along with its expanded 
volume to the level of the clouds. Just as we 
have power stored up in the extended spring or the 
elevated weight, so we find it among the water of 
the clouds, which may be looked upon as vast at- 
tenuated mill-ponds. When these are conveyed to 
more temperate climates, or come in contact with 
the cold surf ices of elevated regions, they are con- 
densed, and come down in the form of rain, when 
they are gathered together in lakes and hollows. 
But while we thus find the sun to the origin of 


these vast natural supplies of ** power,” we discover 
also that the same agency is, in a great measure, 
essential to their capacity for doing work, which is 
the great characteristic of power.” Among the 
particles of matter which are the vehicles by which 
the work of the sun’s heat is converted into power, 
and which are again capable of being the medium 
by which this power is re-converted into work, we 
find that heat is necessary to the fulfilment of these 
functions. If the clouds raised by the sun’s heat 
are carried into r^ons of continuous frost, they are 
bound in chains that preclude them from being sub- 
servient to the uses of men, and they lie in snow- 
drifts and glaciei*s, like the afore-mentioned idle 
rocka And so it follows that it is not among 
the burning plains of the tropics, where the heat 
of the sun is greatest, nor yet in the regions of 
continual fh>st, that we discover the great store- 
houses of potJOBTy but among the more temperate 
parts of the earth, where we seem to find an analogy 
for the forces of nature in the greater activity and 
higher development of men. In the winter of the 
Gi^nlander there are no falls of rain to fill the 
^mill-pond that turns the wheel that grinds the com 
of the fortunate inhabitants of more temperate 
regions. The wind still howls around his hut, for 
it cannot be bound in the chains of winter ; but if 
the sun should cease to shine, even the winds would 
be still, and the earth would be given over to the 
silence, and darkness, and practically powerless 
repose of an Arctic midnight. 

Although we have confined ourselves to a con- 
sideration of power as exhibited in water and 
steam, a study of the forces which gave rise to 
'the capacity for work in these cases opens up one 
of the widest fields of physical inquiry, and re- 
moves us from the regions of terrestrial agencies 
to a study of the storehouse of power which we dis- 
cover in the sun. Meantime, our object has been 
attained if we have explained the scientific meaning 
of the word ** power,” which, if it had never 
been misapplied, might have served all the pirn- 
poses of a longer and less English expression — 
that of Potential Energy, which is its scientific 
synonym. 
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By Eobbbt Bbown, M.A., Ph.D., F.L.S., Aitthoe of “The Peoplbb op the Wohj>,” Bra 


T he student who has ejes and has learned to 
use them, cannot walk along our own shores, 
indeed, along the shores of almost any part of 
the world, without observing the ceaseless warfare 
which is being waged between the sea and the land. 
The waves are breaking against the difis — ^those 
^^etemal walls,” which seem to the ordinary spectator 
the visible type of unchangeableness — ^retuming 
again and again to the charge, until in time they 
undermine the great bulwark, and sweep it into the 
bosom of the ocean. Again they renew the attack, 
never idle, always busy, imtil, yard by yard and 
rood by rood, the sea eating into the countries 
bordering it, the coast-line is altered, and old 
historical landmarks live only in the books of 
chroniclers. If this went on for ever, by and by 
the sea would roll over the whole world. But 
there is a counterbalancing influence at work. The 
result of this influence we see in the form of the 
long line of shells and other marine refuse which 
encircles many portions of our coast At first glance 
we might suppose this to be caused by the winter 
storms dashing the spray, and the dibris along the 
beach with it, high above the ordinary tidal mark. 
But a slight examination shows that this theoiy 
is an erroneous one. In those old sea-beaches 
lying some way inland from the present ones, we 
see that the material of which they are composed is 
much the same as that on the shore over which 
the sea rolls twice a day. Shells are their chief 
constituents. The shells, moreover, are to a great 
extent unbroken, and in many cases evidently in 
the position in which, when they contained ani- 
mals, they had lived in the sand and mud in 
which they are still imbedded. It is at all events 
dear that they have not been disturbed by the 
hand of man, and that the beaches on which they 
lie were elevated by a slow rise of the land. This 
rise is, we know, going on in many parts of the 
world to the present day, while in others there is an 
equally clear and gradual sinking of the shores. But 
if we prolong our investigations, we shall come 
upon other shell-mounds which, though at first 
si^t seemingly the same, are in reality very 
different. For instance, on certain portions of the 
coasts of tibe Danish Ides, we come upon enormous 
accumulations of dead shells, sometimes five to ten 
foet in height, sev^ml hundred feet in length, and 


in many instances one hundred to two hundred in 
breadtL We see that these mounds occur only at 
intervals. That in itself is not important, for the 
whole coast, even when of the same character, need 
not necessarily have afforded places for marine 
diells to live. We also see that these mounds are 
elevated, like the old sea-beaches, at considerable 
heights above the sea-level. A closer examination 
of the Danish shell-mounds, however, reveals many 
differences. For example, while, on the neighbour- 
ing shores and in the raised sea-beaches with which 
we have already made acquaintance, the shells are 
of all ages, in the mounds under consideration 
they are chiefly adults, the young being notably 
absent. Again, these mounds are not composed of 
the shells of molluscs all living in the some locality, 
and therefore could not have been found naturally 
in each other’s company. This at once strikes a 
fatal blow at the theory that they belong to a raised 
sea-beacL Nor do we find the heaviest shells 
lowest down, as is always more or less the case 
when water has had anything to do with the sorting 
of materials. On the contrary, we find big and 
little, light and heavy, mixed up in such a manner 
that it is evident that since the component members 
of the shell-mounds came — ^no matter how — ^into 
the position they now occupy, the sea has had nothing 
to do with them. On examining these mounds 
more closely, it is found that they contain the bones 
of animals, and among these the bones of some 
species now extinct, but which it is known have 
eidsted in the North of Europe within historical 
periods. A still more exhaustive search discloses 
a few of the most primitive tools. These consist 
of rudely-formed weapons of flint, with splinters 
which have evidently been detached in the manu- 
facture by chipping of their primitive knives 
and arrow-points (Figs. 1, 2, 4, and 6). AJong 
with the flint weapons — which show without any 
possible doubt the presence of men at the time 
these mounds were formed — we find some rude 
pottery — the work evidently of the most un- 
tutored artists ; an implement which is believed to 
have been a spindle; charcoal, and cinders. The 
bones are those of wild animals, such as might bo 
used for food. No domestic animal, except the dog, 
has left any trace in these shdl-mounds; and in 
vain do we search for the presence of iron or of 
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pe(^e than those who constructed their weapons otherwise the bones associated with them would 
and domestic utensils of iroju. It is thus dear that have been those of animals dther now found in 
the Danish shelknounds were the work of man, Denmark, or which have become exterminated at 
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» lator period than we know the bones d those 
feuad in riiese mounds have ; o^d lastlj, that the 
men whose work these heaps of shells are were of a 
low type of civilisation, and, at all events, very 
difiigrent from any Danes with whom the very 
earliest hutories have made us acquainted. These 
are the “ condusions ” from the “ premises " before 
us — and very justifiable ones, too, according to all 
scientific methods of reasoning. 

The next step in advance is to 'find out, if we 
can, who were the pe<^le 'who made these shell- 
mounds, and for what purpose or in what operations 


parts of the coast where the sea wears away Rw 
shores, th^ have long ago disafqpeared, a greSt pim>' 
rion of Dmimark being elevated but little above the 
sea-levd. They are alao found in doae 'vidnity to 
&e water, the exceptions to this rule being in oases 
where it can be proved that their loeeUe has been 
altered either by alow elevaticm, by rilting up the 
sea with mud, or by the formation ci peat, whioli 
has made inroads on the seau In no case, however, 
where they have been undisturbed are they found 
'within rea^ of the waves even during the roughest 
of weather — another pro<tf that those who formed 
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tiiey were made. Now, should we confine our 
observations to those on the Danish coast, we might 
arrive at sufiiciently accurate conclusions, but still, 
as the data are limited, it is as well to inquire 
whether such mounds are confined to ihe shores of 
the Scandinavian Islands, or are more 'widely spread. 
F<dlowing up this investigation, we find that not 
(Hily have they been observed in the island of 
Smland, that on which Copenhagen is built, and 
especially along the shores of the shallow inlet 
known as the IseQord, but they are also found on 
the coasts of the isles of Ftinen (lyen), Moen, and 
SamsoS, in Jutland (Jylland), along the liimQord, 
the Mariager^ord, the RandersQord, the Eoling- 
sond, and tiie HoraensQord, and, most probably, also 
almig the southern part of Denmark, though still 
watsn seein to have been loved of the shell-mound 
buildera It is, however, possible that the reason 
why we find them in such looalitieB is because on 


them must have lived in their close vicinity, other- 
wise they would not have been so careful to put 
out of reach of destruction heaps of materials so 
seemingly valueless, though artificial. If we may 
have formed any theory which would make these 
shell-mounds in any way specially connected with 
the North, or its early civilisation, it is speedily 
dissipated by discovering that not only are they 
found in Denmark, but also in Sweden, and not 
only in Scandinavia, but also in the extreme South 
of Europe — ^for near Mentone, in the Gulf of 
Genoa, are heaps almost identical — and likewise 
along the shores of Great Britain, The latter ate, 
however, to all appearance, judging from the re- 
mains, the work of a people of a later date, though 
the uses to which ih^ have been put are identical. 
The Scottish shell-heiqw bring us up nearer to our 
own times, and lead us to ask whether or not people 
in a low stage of civilisation — in other words, those 
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who are familiarly called savages — have not in their 
belongings something similar to those old shell- 
heaps of the shores of Europe 1 We do not require 
to seek far afield; for wherever we find a coast- 
tribe of savages, they live to some extent on shell- 
fish, and whenever they have abundance of shell-fish 
to live upon they have, not far from the doors of their 
huts or wigwams, formed mounds which are identical, 
except, of course, in the kind of shells and other 


in brief, the refuse heaps of the lazy, mollusc-loving 
Indi ans. They eat the clam, the cockle, or the 
oyster, and toss the shells outside their doors. 
They devour a wild duck, a grouse, a salmon, a 
deer, or a beaver, and deposit its well-picked bones 
in the same general receptacle. They split the 
elk^s leg-bones to obtain the marrow, and into 
the refuse heap go the disjecta immhra of that 
marrowless femur and tibia. A hunting-spear is 
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remains composing them, with those which we have 
already briefly described. Along the whole shores 
of North America, on those of Brazil and Ecuador, 
and even in Australia, these shell-heaps are found. 
From Newfoundland to Florida there are immense 
mounds of them at intervals along the coast, and the 
present writer has investigated them on the shores 
,of Vancouver Island and British Columbia, where, 
as at Beacon Hill, in the vicinity of Victoria, they 
contain flint weapons no longer used among the 
coast natives. In these regions we do not, however, 
require to speculate regarding their mode of formar 
tion,. or presage it from an inductive study of the 
contents, tor they are still being formed. They are, 
62 


broken, and in due time to the refuse heap go 
the fragments. In a word, when the hunter’s 
lodge is swept — and even Indian lodges are 
sometimes swept, though not always recently — 
all the fragments of his meals, his sports, and his 
industries, such as they are, are deposited among 
the shells close by. But if there is on the muddy 
flat within a stone’s throw of their door a bed of 
** clams,” or other mollusc, naturally it forms the 
staple of the Indian family meals, and its bulky 
shell accordingly composes the greater part of the 
ever-increasing shell-mound by the single hut, or 
the hamlet where the icthyophagous fishers live. 
Indeed, it comes within the writer’s knowledge that 
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iometlines these shell-inounds, and other refuse 
heaps, have become so uncomfortab^ lai^ that the 
Indians have had to remove the village. In a more 
refined state of society, the refuse v^ould first have 
been removed, but lower down in the scale of civili- 
sation a contrary state of matters prevaila But we 
need not go all the way to Vancouver Island to see 
such a shell-mound in process of accumulation. At 
anyfishing-village alongthe coastsof England or Scot- 
land, an almost exactly similar one is being formed 
in front of the village doors. Ask the fisher-folk of 
Yorkshire, Northumberland, or Lowland Scotland 
what such a mound of oyster, cockle, and mussel 
shells, and other domestic refuse, is called, and they 
will tell you a midden” — an expressive old word of 
Danish origin, which has unhappily been allowed to 
drop into oblivion, or to be consigned to the limbo 
of too homely or slightly vulgar exprassions. Need 
we, therefore, doubt what are the Danish and other 
shell-mounds which early in this paper we made 
the acquaintance of ] They were the refuse-heaps 
of the very ancient coast tribes — we shall not say 
savages — who dwelt along the coast of Denmark 
before books were written, or runes engi'aved by 
mortals loving immortality* Indeed, so e^ddent is 
this that the Danes have applied to them the name 
of Kjoekkemnoeddingerf* or kitchen middens,” 
from Kjoekken^ kitchen,” and Moeddingy “ refuse or 
rubbish heap.” Under this name, accordingly, they 
are now known to science, and kitchen mid- 
dens ” we shall accordingly designate them so long 
as we ask the reader’s attention to the curious tale 
which they reveal 

What, then, do we learn from them? Lordly 
monuments some nations have left to record their 
prowess or their greatness. The frail huts even of 
the rude rearers of the kitchen middens have long 
ago passed away (Fig. 3). Others leave their records 
on their tombs — if not in inscriptions, at least in 
their arms and utensils, which are to be used in the 
happy himting-grounds ; while the tell-tale skull 
enables us to know what manner of intelligence 
this unlettered forefather of ours had. But no 
trace of carven stone, not a bone of his, not an arm 
save the rude flint sj^ear-head, not a domestic utensil 
save the broken potsherds which were tossed aside 
as worthless, have descended to us who have come 
into the heritage of the ELitclien-middeners. A 
people have passed away, and left their history to 
be deciphered from their dunghills ! 

Yet that history is not an uninteresting one, and 

* This ipellmg u now somewhat archaic, and has given place 
to Wekenm^dMngert 


the materials we have to deal with have, in careful 
hands, t proved much less deceptive than many a 
ponderous volume of lying chronicles. It is evident 
that the life of the people who accumulated the 
kitchen middens was a merely animal one. If they 
had a higher life than that which was devoted to sup- 
plying their slender wants, we shall never know it 
There is no likelihood that they knew anything of 
the art of agriculture, or that, with the exception of 
the wild berries of the woods and moors, they had 
any vegetable food. As sea-weeds are scai*ce in the 
Baltic, it is not probable that, like the Eskimo, 
they could vary their flesh and fish diet with this 
homely fare. In some of the mounds there are 
remains of charcoal and ashes, and in the con- 
tiguous soil a dark carbonaceous-lookiog matter 
which is probably the ashes of the eel-grass, or 
hcendeltang {Zoatera), — about the only marine 
plant which at this day borders the coasts of the 
Danish islanda Less than two centuries ago this 
eel-grass was employed for making a coarse salt 
by macerating the leaves of the plant, and it is 
not unlikely that those very old Danes also used 
this means for obtaining some material to flavour 
their tasteless diet, the Baltic being very brackish, 
and not a very promising source for salt The 
shells which make up the greater part of the 
kitchen middens are the common oyster, cockle, 
mussel, and periwinkle {LiUoriTui)^ their i*elative 
frequency being in the order in which they have 
been mentioned. Here we see evidences of some great 
physical and biological changes. The oyster, which 
seemed to have formed the bulk of the meals of 
those simple Epicui'eans, has now almost entirely 
disappeared from all the regions east of the Katte- 
gat, and more southerly than the shore-line of 
S«land. In the Kattegat even it now only exists 
in isolated individuals, and nowhere in such abund- 
ance as would supply food for any great number of 
people, even with that toil in searching for them 
which hungry and most likely very lazy Kitchen-mid- 
deners would never devote to them. At one point 
only— namely, between the island of Lsessb and the 
northern extremity of Jutland — has an oyster-bed 
ever been worked within the memoiy of man. At 
one time a few were got fri)m a locality at the en- 
trance to the Isefjord ; but the great increase of 

t In addition to much information obtained directly in Den- 
mark and elsewhere, and from the original investigators and 
their collections, it Is almost needless to say that the data here 
given owe nearly eversrthing of value to the researches of 
Steenstrup, Worsae, Forchhammer, and Lubbock, and to the 
memoir of Morlot in the BMetin, de la SocUU Vavdoin dst 
Sciencei NailwrelltSy t vi 
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saAiigeB, but also enable us to learn .that they must 
have had canoes, otherwise they could not have pro- 
cured oysters, which are found in deep water; 
while the herring and cod rarely come in so close to 
the shore as to be able to be captured by a people 
without some kind of ci*aft, either rafts or rude 
^‘dug-outs,” such as are used by the least mechani- 
cal of modem barbarians. Eels — a favourite dietary 
of the Bitchen-middeners — seem, curiously enough, 
to have been in these remote times common in the 


about fo^ years ago. At all events, since that 
date none have been seen in its old haunts, and a 
specimen would nowadays be worth rather more than 
the conventional ** king’s ransom.” At one time 
it was so exceedingly abundant in Iceland, New- 
foundland, Orkney, and other northern localities, 
that ships’ crews were in the habit of provisioning 
their vessels with it, and no doubt the old Eitchen- 
middeners found its squat, fat carcase an easily 
acquired addition to their by no means monotonous 
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same localities as they are in our day. For ex- 
ample, the neighbourh(^ of the town of Aalborg is, 
as the name of the place signifies, famous for its 
eels, and it is just in this vicinity that the kitchen 
middens yield the greatest number of their bones. 
As might be expected from a shore-living people, 
aquatic and palustrine birds were those which 
they chiefly used as food; among these, the wild 
swan, wild geese, and various species of ducks. 
The capercailzies’ (Tetrao Urogalltis) bones are 
also found ; and what is still more interesting, in 
the kitchen middens we come upon remains of 
the all but wingless bird, the great auk (Aka 
impemiia), which, owing to the facility with which 
it was killed) is believed to have become extinct 


diet The domestic fowl is absent, nor have 
the kjoekkenmoeddinger yet yielded any i^emains of 
the two swallows which now frequent Denmark, 
nor of the stork so common on roofs and on church 
towers in that country, and the domestic sparrow 
of cosmopolitan habits. The most numerous 
quadrupeds which — judging from the relative 
abundance of their remains in the shell-heaps — 
supplied the table ” of the Kitchen-middeners 
seem to have been the red deer (Cervua elaphue), 
the roe (Cerws capreolvs)^ and the wild boar 
{Sub BCTofa) — ^the last now extinct in Denmark. 

The urus {Bob primigemuB)^ the Beaver {CoBtar 
fiber), and the Grey Seal {HoMchijerus grpph/us), are 
also so often met with that they must have supplied 
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much of the food of these primitive people. The 
beaver has not been known as an inhabitant of 
Denmark for more than 900 yeara The seal, though 
rare, is still occasionally seen in the Kattegat; 
while the urus or wild ox has been long ago extinct. 
It was seen by Cassar ; and one of the last records 
we have of its existence in Europe is in a manu- 
script of the tenth century, in which it figui'es 
among the viands that appeared on the tables of 
the monks of St. Gall, in Switzerland. The elk 
and the reindeer have not yet been found in the 
kitchen middens, though it is highly probable that 
they were contemporaries of the people who made 
these mounds. Among other quadru{)eds, the bones 
of which have been disinterred from these refuse 
heaps, are those of the wolf, the fox, the lynx, the 
wild cat, the sable, and the otter ; but none of them 
are so common as those already noticed. The bones 
of the hedgehog and the water-rat are also accident- 
ally found, as well as bones gnawed by these latter 
animals. No trace of the hare, a common animal 
in Denmark, has been found. This curious omis- 
sion may be accounted for by tlie fact that, from very 
early times, the Northern people have regarded this 
animal with superstitious feelings, and accordingly 
the Kitchen-middener might have objected to eat it, 
except when compelled by the direst necessity. A 
small-sized dog is the only domestic animal whose 
bones have been found. Its habits seem to have 
been very much the same as its modern represen- 
tative's. Give a domestic dog the carcases of birds 
to devour, and it will be found that it will swallow 
all the bones except the long ones. Accordingly, 
it is interesting to find in the kitchen middens 
numerous gnawed long bones, off which all the 
cartilaginous pai*ts have been 8trij)j)ed, and on 
which the marks of the teeth of these old carni- 
vora are distinctly seen. It is also not unlikely 
that the Kitehen-middeners ate the dog, as is still 
done by many modem savages, and, indeed, by some 
people who would be shocked to have such a name 
applied to them, for on its bones are often found 
the marks of knives. The bones of young nestling 
birds, of which at present there is a great consump- 
tion in J utland, are absent from the kitchen middens. 
We must not, however, conclude from this negative 
evidence that the primitive people were absent from 
the Danish shores from May to August, for it is 
more than likely that the dogs which rejected the 
long bones of birds as inconvenient to swallow, 
devoured the slender and all but cartilaginous skele- 
tons of the young ones, just as some people devour 
quails whole. Indeed, we know that these men must 


have resided on the shores of old Denmark during 
the whole year, for in their refuse-heaps we find the 
horns of the deer or roebuck, as well as the embryonic 
skeletons of these species, and of the wild hog. The 
presence of the bones of the Wild Swan {Anas 
cygnua) show clearly that the Kitchen-middenera 
must have been on tiie coast during the winter, for 
it is only during the winter that this bird makes its 
appearance in Denmark. On the approach of spring, 
it betakes itself to still more northern regions. “ It 
is then especially," writes M. Morlot, ‘‘ that is heard 
its harmonious song, partaking of the sound of dis- 
tant bells, and of the .^olian harp, whence, doubt- 
less, the myth of its death-chant." It is, therefore, 
in the highest degree probable, though we have no 
distinct evidence of the fact, that a people who 
frequented the bleak shores of the Baltic during 
the winter, would also live on them during the 
pleasant Northern summer. 

What the Kitehen-middeners did with their dead 
we know not. Perhaps they burned them. At all 
eventf*— unless some round little Lapp-like skulls 
found in the peat are theirs — no actual traces of 
the men whose “ middens" we have been investigat- 
ing have been found. Here and there in some of 
them we come upon a skeleton, but these skeletons 
are simply those of some shipwrecked seaman, who 
has been buried in the dunghill of a race wdio have, 
like him, left no record behind them. The people 
who came after the Kitehen-middeners, judging from 
the imposing tombs which they have built, seem to 
have been gimt respecters of the dead; and, no 
doubt, so were thek predecessors, but all is conjec- 
ture There are, however, no gi’ounds for believing 
that they were cannibals, for in these remains of the 
barbarous feasts, those of men never occur. A few 
rude flint or whinstone weapons (Figs. 1, 4, 6), and 
some bits of pottery moulded by the hand (and, as is 
the case with the potteiy of some savage people of 
our day, mixed with sand to prevent it cracking in 
the tire), are the chief traces of the handiwork of 
the people about whose dinners we know so much. 
Here and there we find — on the sea-shore — hearths 
of stones, on which, it is probable, on some of their 
fishing excursions, the Kitehen-middeners cooked 
their rude meals ; and mixed with the pottery, it is 
observed, is some of the sand fonned by the action 
of fire on the granite stones out of which these fire- 
places are formed. These angular sand-grains give 
the pottery a better consistence. Hence the Kitehen- 
middeners, though a primitive, were not altogether 
an unobserving people. The flint weapons are mostly 
very rude, but now and then one of a more elaborate 
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construction is found, and the ma^hs on the bones 
split for marrow, and on others, show that they 
used sharp knives, well ground, for separating the 
flesL So that the presence of splinters and roughly- 
chipped tools in the kitchen middens may only mean 
that they threw away the badly-made, or spoilt ones, 
and kept the finer specimens, which would account 
for their rarity in the refuse-heaps (Fig. 2). There 
are also found in the kitchen middens numbers of 
roughly-hewn pebbles, specimens of which are also 
])icked up imbedded in the neighbouring peat-bogs. 
These, it is believed, were sling-stones, or weapons 
of some sort, thrown at birds or larger game, or 
perhaps at each other in their petty tribal wars. 
Bits of cut deer-homs, awls, chisels, and even combs, 
neatly fashioned out of bone and horn, have been 
among the “finds” in the refuse-heaps of this 
shadowy race. One other fact we may note, and 
that is that in the fabrication of their instruments 
and objects of bone, they selected that portion of 
the skeleton of the animal which is densest and 
strongest — namely, the inner side of the radius, or 
chief bone of the fore-leg. This proves, in the 
absence of other direct testimony, that these primi- 
tive Scandinavians wei'e by no means deficient in 
practical sense and foresight. 

Who were the^e people we know not, and as to 
whence they came, or in what manner tliey disap- 
peared, history is equally silent. Nor is it any 
more likely that we shall ever learn the fate of 
the Kitchen-middeiiers, than “ what songs the Sirens 
sang, or what name Achilles assumed when he went 
among women.” It is vain to speculate as to the 
gods they worsliipped, or the demons they feared — 
as to what were their loves and their hates ; or, in 
this earthly here, of what kindlier hereafter they 
dreamed. It would be equally idle to try to fix 
an even approximate date for their era. All we 
can say is, that the Kitchen-middeners must have 
lived a long time ago. In all likelihood, there have 
been, since the time this ancient people flourished, 
some changes in the physical geography of the Baltic ; 


though this need not excite suipiise, as it is con- 
sidered by many probable that the Oxus has changed 
its coui'se within historical times, and the Bunn of 
Kutch is, we know, of very recent date. 

We have seen that the size of the shells makes 
it likely that the sea was, at the time of the forma- 
tion of the kitchen middens, salter than at present 
It is just possible that this may have been owing to 
the Baltic in early times being in communication 
with the Arctic Sea, or, through wider channels than 
the present one, with the German Ocean, though 
this is a question too intricate to discuss in this 
place. The presence of the caj^ercailzie in the 
kitchen middens also proves that the Scottish fir, 
on the buds of which it feeds, at that time clothed 
the shoi^es of Denmark ; though since the dawn of 
history, the fir has never been known as a wild tree 
of the country. In the peat-bogs, we find a layer of it, 
and over this layer one of oak, and over all is growing 
the prevailing and characteristic tree of Denmark, 
the beech, which is so familiar nowadays as the 
chief ornament of the wooded shores of the Sound. 
Did a stronger race, armed with weapons of bronze, 
appear in the country, and, after the manner of 
stronger mces generally, civilLse the Kitchen-mid- 
deners oflT the face of the earth ? Were they driven 
to the inhospitable Land of the North Wind, and 
are now known as the Lapps or Finns ? Did some 
catastrophe — some great inroad of the sea, such 
as that to which the Danish isles are no strangers 
— overwhelm tlie humble dwellings by the side 
of the dunghills? There are vague evidences, 
which some think suflScient to prove this. But 
we know not. All that we are certain of is, that 
at very early periods — perhaps contemporaneous 
with the Cave Dwellers of England, France, and 
Belgium — there lived on the Danish shores a rude 
race, who left no more pretentious monuments 
behind them than the litter of their dinners ; and 
that in the study of these refuse-heaps, modem 
savans have exercised their reasoning powers in 
writing the history of a vanished race. 


WHAT IS IN THE INTERIOR OF THE EARTH? 

By William Durham. F.R.S.E. 

T here are many questions in science which, in - ledge, that we should investigate such problems, 
the present state of our knowledge, cannot be and give an outline or sketch, at any rate, of what 
directly and definitely answered. It is of interest, the answers are likely to be. As the artist draws 
however^ and useful for the advancement of know- first in rough outline the subject of his picture^ and 
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gradually fills in the details, shading one part and 
bringing into prominence another, until the whole 
is pronounced by competent judges to be true to 
nature/’ so the man of science may map out 
his theory, so far as his present knowledge goes, 
and gradually improve upon it until the plan of 
Nature is made plain to every observer. Of such a 
kind is the answer to the question we have started 
with — “What is in the interior of the earth V* We 
cannot directly solve the riddle, but must, in the 
meantime, be content with more or less probable 
conjectures from known facts, trusting to the 
gradual advance of knowledge to fill in the details 
of the sketch we make. 

like every other scientific problem involved m 
obscurity, the one we propose to investigate has. 
been made, by the imagination of man, tc 
minister to his love of the marvellous before pass- 
ing under the strict regime of scientific induction. 
It was supposed that the centre of the earth was 
hollowed out and filled with matter having no 
weight, but endowed with enormous force of ex- 
pansion. As it seemed necessary to put this empty 
space to some useful purpose, it was gradually tilled 
with animals and plants suited to a subten'anean 
existence, and, for their benefit, two planets, named 
Pluto and Proserpine, were supposed to illuminate 
the dark abysa Not to cut this region entirely off 
from the upper sphere, an opening was supposed to 
exist near the North Pole, and definitely fixed as 
at 82° latitude, whence the polar light emanated. 
Even so lately as the time of Alexander voii Hum- 
boldt, in this century, he and Sir Humphry Davy 
were publicly asked by a Captain Symnes to under- 
take an expedition down the huge cavern to investi- 
gate the state of matters in this terra incognita^ 
if we may call it so. 

Of the contents or physical condition of the 
interior of the earth, we have no positive know- 
ledge whatever, but we may infer some things con- 
cerning both, with more or less probability, from 
certain facts observed on the surface or crust, to 
which alone we have access. 

We shall first describe the various phenomena 
which seem to bear on the subject, and then give 
the conclusions which men of science have drawn 
from them, indicating those which appear most 
probable. 

(1) If W 0 examine the temperature of the 
crust of the earth, so far as we can do so by means 
of deep mines, well-boiings, &c., we find, after 
leaving the region under the influence of the sun’s 
heat, that lM te/niperaitmre increases 1° Fahr.for every 


50 or 60 feet m descend towards the interior. Thus, 
suppose at our starting-point the thermometer indi- 
cates a temperature of 40°, at 50 feet lower down 
it will indicate 41®; at 100 feet, 42®; at 150 feet, 
43® ; and so on, as far as we can reach in our deepest 
mines and wells. 

As we know that the rocks of which the earth’s 
crust is composed can be melted if we subject them 
to a high enough temperature, it seems natural to 
suppose that if the tempei'ature goes on increasing 
at the same mte beyond the depth we can roach, 
there will be a point, not very far from the surface, 
where these rocks will exist in a melted or fluid 
state. This point has been calculated to be about 
twenty or thirty miles from the surface. Of course, 
the melted rocks must, at that depth, sustain an 
enormous pressure, as they have to bear the weight 
of the twenty or thirty miles of matter above 
them. 

(2) Over the whole surface of the earth we have 
evidence of great internal heat, in the shape of vol- 
canoes, earthquakes, and hot springs. Volcanoes, 
as we know, exist in various pai’ts of the world, 
and throw out immense quantities of melted rock 
or lava, hot ashes, and \^apours of various kinds. 
We have evidence, also, that this action is not con- 
fined to any particular regions, but has, at one time 
or another, manifested itself in every part of the 
world. Earthquakes also, at various places and 
times, shake and rend the solid gi*ound, while hot 
springs perpetually bring up water at a high tern 
peratnre, sometimes projecting it, with gi*eat force, 
high into the air,* All these things undeniably 
prove the existence of a high temjTerature and great 
pressure somewhere in the interior of the earth. 

(3) Another fact of a somewhat different oixler, 
which we must consider, is the shape of the earth. 
This, as every one knows, is not that of a perfeci 
sphere or ball exactly, but is flattened slightly a1 
the poles, something like Fig. 1, where n and 8 
represent the two compressed poles, and the dotted 
line between them the axis round which the earth 
revolves from west to east. This peculiar shape is 
significant ; it indicates that the earth at one time 
was a fluid mass to its surface. It can be readily 
understood that a fluid sphere, whirling round in 
the direction of the arrows, from w to b, would 
have a tendency to fly off into space, owing to 
centrifugal force, like a stone fiX)m a sling whirled 
in a circle for some time ; but, being restrained 
by gravity, the fluid sphere in cooling would 
take the modified form of bulging at the sides and 

♦ See Science for All, Vol. L, p. 225. 
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oomiwession at the poles we know the earth to 
hare: a rigid solid sphere could not take this 
form. We know the tendency to fly off firom the 
N 



Fig. 1.— Eiplaining the Form of the Earth, aa indicating a 
fluid Origin. 

equator, owing to centrifugal force, modifies the 
weight of bodies thei'e as compai*ed with the 
poles. If, therefore, the earth was at one time 
in a fluid condition, it must have been at a much 
higher temperature than it is now in order to melt 
its whole surface. 

(4) The density, or relative weight, of the earth, 
taken as whole, is about flve and a half times as 
great as that of water ; that is to say, the whole 
globe weighs as much as five and a half globes of 
equal size composed entirely of water. Now, the 
average density of the rocks, of which the crust of 
the earth is composed, is only about two and a half 
times as great as that of water ; while if we take 
the ocean into account, the average density of the 
whole crust is only a little over one and a half times 
that of water. Clearly, therefore, the density of 
the interior of the earth must be very high indeed 
to bring up the average of the whole to what it 
is ; the materials of which it is composed must, a^ 
the saying is, weigh like lead.” 

In considering the foregoing facts — viz., the shape 
of the earth indicating a fluid origin and high 
temperature ; the increase of temperature at a regu- 
lar rate as we descend into the interior; the exist- 
ence of volcanoes, earthquakes, and hot springs — 
we seem irresistibly led to the conclusion that the 
earth is in the position of a cooling body ; that at 
some far distant period in the past, a thin solid 
crust formed on the outside of its molten mass; 
that this crust has gone on increasing as the earth 
cooled, until now its thickness is between twenty 
and thirty miles ; while below that, primeval fires 
still hold their sway, and melt the rocks with fervent 
heat We seem to see the whole thing before our 


eyes, just as if we were in a foundry watching 
the molten iron running into the sand, the light 
dying out and the dark crust forming on its sur- 
face, so thin at first, and gradually getting thicker ; 
although, on disturbing it, the fiery mass shows its 
uximistakable presence beneath the qiiiet crust. 

This idea, while apparently the most natural, 
has also been, perhaps, the most generally accepted 
explanation of the condition of the interior of our 
planet 

In order that we may have a definite idea of the 
earth’s crust, let us consider a circle like Fig. 2 as 
representing the whole globe. The thickness of 
the circumscribing line will nearly represent the 
crust, while the inclosed space will represent the 
melted or fluid interior. 

The foregoing conclusion, although very generally 
accepted, was not universally so. Many eminent 
men, not satisfied with the idea of such an enormous 
melted nucleus (forreasons to be afterwards noticed), 
sought to explain volcanoes, earthquakes, internal 
heat, ike., in other ways. Poisson supposed that, 
at some former period of its history, the earth 
passed through some region of space which was at 
a much higher temperature than itself, and con- 
sequently the earth got heated from the outside 


Solid Cruit. 



in^rds to a certain depth, and is now cooling down 
again. This idea may be passed over as a pure 
conjecture, for which there is no evidence whatever. 
Some others, among whom was Sir Humphry 
Davy, imagined the central heat of the earth to be 
due to chemical action, which, we know fn>m 
experience, to be capable of producing intense heat, 
since all the heat we utilise in our fires and furnaces 
is due to this action ; and it is not improbable that 
there is chemical action going on in ^ interior of 
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the eartL Davy, having discovered the alkaline 
metals, potassium and sodium, found that they 
possessed such an intense affinity for oxygen, that 
on coming in contact with water, which we know 
to consist of oxygen and hydrogen, they decomposed 



Fig; 3.— Belative VolumeB of the Solid Cruet and Supposed 
Fluid Mass of the Earth. 

it with intense energy, and, under certain circura- 
stances, witli explosive violence. He imagined, 
therefore, that there was in the interior of the 
earth large masses of these metals or other sub- 
stances that acted like them, to which, from cracks 
in the earth^s crust, the waters of the ocean pene- 
trated, when explosions of great violence took place, 
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giving rise to volcanoes, earthquakes, (fcc., while 
the rocks around were melted by the intense heat 
of the chemical combination. This theory, however 
attractive and plausible, was not borne out by 
facts. For one thing, if it were true, volcanoes 
ought to send forth quantities of hydrogen, the 
product of the decomposition of water, which is 
not the case. Davy himself had to abandon his 
theory, maintaining, however, that chemical action 
still had some part in producing the phenomena. 

We are thus left, with our first explanation, in 
possession of the field. Further consideration will 
show us, however, that we must modify tho picture 
as there drawn, and that the question is not nearly 
so simple nor so easily answered as supposed. 
Indeed, mere inspection of Fig. 2 may suggest to 
us that the relative thickness of the eaii/h’s crust 
does seem rather inadequate to restrain within 
bounds such a mass of intensely-heated fluid rock. 
This idea is greatly strengthened when we consider 
that this great mass of fluid material is not left 
quiescent or subject only to its own internal forces, 
but that it is powerfully acted upon by bodies out- 
side of the earth altogether. In Vol. I., page 204, 
o . this work, in the article ‘‘Tides,^' the action of 
the sun and moon in producing movements in the 
ocean is explained. Now, the same principles wih 
apply when the fluid is inside instead of outside 
the solid. 

In the present case, the action will be all the 
greater from the fact that the ocean of fluid rock is 
very nearly four thousand miles deep, instead of 
four miles or so, as the outside ocean is. 

' If, therefore, the interior of the earth is fluid to 
the extent supposed, it seems impossible that the 
comparatively thin crust could control the enormo\is 
force of the tides 
that would be pro- 
duced. 

Let us consider for 
a moment Fig. 1 on 
page 205 of Vol. I., 
and suppose the outer 
ring w to represent 
the earth^s crust, 
while the inner space 
E represents the fluid 
interior. Under the 
influence of the moon the fluid would be drawn out 
into the oblong shape as in Fig. 2 (same page), but 
in the cjise we are considering it would be the 
inner ring that would take this form, and the 
result would be some such arrangement as the 
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Axmexed Fig. 4, where the inner ring buiets through 
the outer. 

From Buch considerations Sir William Thomson, 
who has gone very fully into this matter, comes to 
the conclusion that it is perfectly impossible the 
crust of the earth can be so thin as hitherto sup- 
posed, and that to preserve its symmetry of shape 
the earth on the whole must be as rigid as a globe 
of glass of equal size, and possibly as rigid as one 
of steel. 

Sir William further concludes, from a mathe- 
matical investigation of the laws of cooling, that 
the rate of increase of temperature of 1® Fahr. for 
every fifty feet of descent into the earth cannot 
continue, but will gradually diminish at depths 
greater than we can reach as yet, thus placing the 
point where rock will become fluid at a very much 
greater depth from the surface tlian twenty, thirty, 
or even one hundred miles (Fig. 3). 

Another objection to the theory of a fluid interior 
is this ; Considering the earth as at one time fluid 
*0 its surface, and gradually cooling by radiation 
into space, it has been assumed that it would 
commence to solidify on the outside or sm'face first, 
just as water becomes ice first at the surface, and 
gradually thickens inwards. But it is by no me^ns 
certain that this would be the case ; indeed there 
is good reason to supjjose the very reverse, and that 
it would first solidify at the centre, and gradually 
thicken outwards. 

The pressure at the centre of the earth we know 
must be enormously great, and we also know that 
pressure modifies greatly the tempemture at which 
fluid bodies become solid. Water, for instance, at 
the oixlinary pressure becomes ice at 32° Fahr. j but 
if we increase the pressure on its surface it becomes 
solid at a temperature lower as the pressure in- 
creases. By enormous pressure it has actually 
been kept liquid nearly at zero Fahr. Thus the 
effect of pressure on water is to keep it fluid at a 
tem|>erature at which it would be solid if the 
l)ressure were withdrawn. All bodies that expand 
in the act of becoming solid act like water with 
reference to pressure. On the other hand, all 
bodies that contract in the act of becoming solid, 
have the temperature at which they become solid 
raised by pressure ; that is to say, these bodies 
become solid at temperatures so high that they 
would become liquid it the pressure were with- 
drawn. 

As the result of experiment^ it appears that the 
rocks of which the earth is composed belong to the 
latter class, or contract as they become solid, and 


thus the great pressure in the interior of the earth 
will tend to solidify them, even although the 
temperature should be high enough to keep them 
fluid at the surface. 

Let us suppose the fluid mass of the earth just 
a little above the temperature at which solidification 
would take place, knd then the pressure caused by 
gravity to be applied. Whether it will first solidify 
at its centime or at its surface will depend on whether 
the pressure raises the temperature of solidification 
at its centre, or its actual temperature at that 
point higher. If the former is higher, then the 
solidification will commence from the centre out- 
wards, and there can be no permanent solidification 
at its surface until all is solid, with the exception, 
perhaps, of irregular comparatively small spaces. 
If the latter is higher, then solidification will 
commence at the surface. 

To make this plain, suppose (Fig. 6) a column of 
fluid. A, B, at a temperature of say 33® all through 
its mass from A to B, and that the temperature at 
which it becomes solid is 32®. At some point near 
the bottom, say at c, let us apply a great pressure. 
Two results will follow. First, owing to com 
pression, the tempemture below c will rise, say to 
40®. Second, tlie j)oint at which the fluid below 
c will become solid will also be raised ; it will not 
now be 32®, but higher — say 41®. Then, in this 
case, the fluid will solidify first at the a 
bottom, because thei’e the point of solidi- 
fication is 1® above the actual tempera- 
ture, while at the top it is 1® below. 

Had the jx)int of solidification been 
raised only to 38® by the pressure, then 
the top would solidify first. 

Thus we see it is possible and even 
probable that the solidification of the c 
earth commenced at the centre, and not 
at the surface. 

Further, in the event of the earth ~ - 

ij 

solidifying on the surface first, a com- Fig.s, 
plete crust could not form all round it. iSlmit* 

* , . . , ^ CompTOBBion 

as we know from experiment that the oXSnof 
solid rock is denser than the fluid ; con- 
sequently, it would contract and break up in 
becoming solid, and sink in the fluid, exposing a 
new surface to be cooled, and so on till the whole 
mass was completely solid, or nearly so. 

Many scientific men, while fully admitting the 
force of Sir William Thomson’s objections to a 
perfectly fluid interior, maintain that, although not 
perfectly fluid, the interior of the earth may be by 
pressure in a sort of middle state — ^neither solid nor 
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liquid, but what is called viscous, like treacle or 
half-melted wax, on which the tidal action of the 
sun and moon would have little or no effect. We 
can easily understand this if we agitate a bowl 
filled with water and a similar one filled vith 
treacle, when we may observe how' easily wave- 
motion is produced in the former compared with 
the latter. There is force in this objection so far 
as tidal action goes, but it does not touch the 
argument for solidification from the centre. 

On the whole, then, we must consider this earth 
as a globe solid to a very much greater depth than 
has hitherto been supposed, 
and possibly solid to its centre. 

If partly fluid, that fluid must 
be in a very compressed and 
viscous state, and at a tem- 
perature close to its solidifying 
point. There probably exist, 
however, enoiinous cavities 
filled with fluid rock which 
has hitherto escaped solidifica- 
tion from local causes, and 
exists at enormous pressure, 
burating forth in weak places 
of the earth's crust and giving 
rise to volcanic phenomena. 

Tliere may be also, owing to 
these cavities, movements in 
the solid l>ody of the earth 
itself, giving rise by friction 
to great local increase of tem- 
perature and possibly earth- 
quake shocks. 

Having thus given an 
account of the physical con- 
dition of the interior of our planet, can we say 
anything as to its chemical nature 1 Tlie crust of 
the earth, so far as we know, is comix)sed of some 
sixty-four elements or substances which we cannot 
decompose into anything simpler. Some of these 
are very dense, such as the metals ; others, again, 
are extremely light, such as the gases. We have 
Been that the matter in the interior of the earth 
must be much denser than that on the surface. 
Now, the question is, whether this great increase of 
density arises entirely from condensation by pres- 
sure, or whether it is partly due to the presence of a 
greater proportion of the heavier elements. As we 
have mentioned. Sir Humphry Davy imagined there 
might be great masses of imcombined metals in the 
interior of the earth. We have, however, no well- 
aBcertained facts to support this opinion, and must 


trust, in this part of our inquiiy, almost entirely to 
theory. We need not, however, on that account 
refuse to consider it, as Theory, if properly founded, 
is often like the morning twilight of rising science, 
the precursor of the full light of day. 

We have tmced the history of this earth back to 
the time when it was an intensely heated fluid 
mass ; but we may go still further, until we find 
it as a vapour in the atmosphere of the sun. We 
know that luminary is a body at an exceedingly 
high temperature — so high indeed, that metals 
such as iron, magnesium, calcium, (be., exist in its 



atmosphere in a state of vajx)ur. It is throwing 
into space every year an almost incalculable amount 
of heat, and has been doing so for untold ages. It 
must, therefore, in foiiner times have contained a 
vastly greater amount of heat than it does now. 
We know that heat expands almost all bodies, and 
consequently the sun must have occupied a much 
greater space than it does now — so gi’eat, indeed, as 
to have included in its sweep the whole planetary 
system — the eai'th, of 00111*86, included (Fig. 7 ) — 
and, raising them to its own temiierature, changed 
them into vapour so that the whole solar system 
would exist as a huge nebula or cloud of vaix)ur, 
similar, possibly, to the nebulae we see in various 
parts of the heavens at the present day. As this 
nebula cooled by radiating its heat into space, it 
would conti*act in volume, and in doing so would 


B 


Fiff. 6.— OomparatlTe Volume of the Earth in the Solid (a) and Gaaeone States (b) 
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throw off rings of vapour at various stages. These 
rings, by the action of gravity and centrifugal 
force, form themselves into spheres or globes which 
on cooling still further would form the various 
planets that now revolve round the parent sun. 
Being much smaller than the main body, they would 
cool faster and pass first into the liquid and then 
into the solid form which they now possess. Such 
is, in brief, the nebular hypothesis which traces the 
origin of the planets to the g^at central luminary. 


of cooling as the former, only, from its greater size, 
at a slower rate. From what is going on now in 
the body of the sun, therefore, we may judge what 
went on in the earth when it was at the same stage 
of cooling as the sun is now. 

As we have stated, spectrum analysis reveals to 
us the fact that the same elements which compose 
the crust of this earth exist also in the sun in a 
state of vapour. It tells us, however, more than 
this j it seems to point out how these elements are 





Fig. 7.— Tbs Eabtb cibculatibci ib Spack iir tbs Sbaps or a Gabeoob Stab. 


Although only a theory, it has much evidence in its 
favour, and completely accounts for the form and 
physical condition of the earth as regards heat 
The evidence of the truth of this theoiy has been 
greatly strengthened of late years by the discovery 
or invention of Spectrum Analysis,^' an ingenious 
process, by the aid of which we know that the 
elementaiy bodies which compose the earth’s crust 
exist also in the atmosphere of the sun, and by 
whidi we can also ascertain even what the stars 
are made of. 

Admitting the truth of this theory that the 
earth is indeed of a piece with the sun, we see that 
the latter is just going through the same process 


arranging themselves as the sun cools. It is found 
on carefully examining the surface of our luminary 
that the heavier elements are lower down in its 
atmosphere than the lighter, gravitating or settling 
down nearer to its centre, so that as the sun 
solidifies the heavier metals will be found in greater 
proportion in its interior than on its surface. 
Should this be found on further and more minute 
investigation to be a true state of the case, it 
would go far to prove, or strengthen at least, the 
idea that the centre of our globe contains a greater 
proportion of the heavier elements than the sur- 
face does. Of course, this is entirely speculation, 
and must not be accepted as established fact ; but 
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in such obscure and difficult problems every scrap 
of information is useful and welcome. 

We have thus traced to its origin in the far 
distant past this world of oui*s, and indicated whence 
it derived that intense internal heat of which we 
have such unmistakable evidence. We have 
shown that it has reached that stage in its cooling 
when its interior is probably solid to the centre, or, 
at least, to a great extent, and the remainder filled 
with greatly compressed semi-fiuid material with 
here and there large reservoirs of completely melted 
rock which occasionally bursts through to its outer 
covering. We have also pointed out that its 
interior may be largely composed of the denser 
elements, which may act chemically on each other, 
aiding in producing the high temperature and ex- 
pansive force we see exhibited in such various ways. 

It may be said that the picture we have drawn 
is so vague and indistinct, and our hope of filling 
in the details apparently so small, that the inquiry 


is' useless. But it is not so. Already the re- 
searches of Sir William Thomson seem to fix, and 
further researches will probably settle, a time 
beyond which life could not have existed on the 
earth. The important bearing of this on such hypo- 
theses as evolution and origin of species, in which 
something very like limitless time is demanded, is 
very evident. When we consider also that not 
many years ago it seemed quite as hopeless that 
we should ever attain to a knowledge of the 
elements that compose the sun and stars, and now 
we not only know that, but are in a fair way of 
telling the temperature of the sun and the pres- 
sure of its atmosphere ; when we see such scientific 
inventions as the telephone and micrqphone brought 
out with such startling rapidity; wlieri we bear 
these things in mind we need not despair of some 
day having a sort of earth stethoscope by which 
we may be able to sound its depths and understand 
its inward workings. 


HOW SUNSHINE WARMS THE EARTH. 

By Robert James Manx, M.D., F.R.C.S., F.R.A.S., 

Late Vice-President of the Meteorological Society ^ ctc» 


I N the preceding paper (pp. 110 — 117) it has 
been shown that the interior of the earth is 
warmer than its outside, or surface, where living 
creatures dwell. The exact investigations of scien- 
tific authorities have amply proved that this is 
the case. It has been shown that with every 
fifty feet of descent down into the solid sub- 
stance of the earth the heat increases one degree of 
Fahrenheit’s thermometiic scale. In ages long 
gone the entire earth was, in all probability, much 
hotter than it now is, and it has been cooling since 
that time, as a kettle of hot water is chilled when it 
is left standing in a cool place — that is, by throwing 
off to surrounding bodies and space much of the 
heat which it at first possessed. This process, 
however, in reference to the earth, has been in 
recent days a very slow one, on account of the 
obstacle which the dense outer rocks and beds of 
the terrestrial substance offer to its progress. A 
few feet down in the ground the temperature does 
not now appear to change year after year. The 
cooling of the earth is at this time, indeed, so 
exceedingly slow, that for all practical purposes it 
may be looked upon as having ceased altogether. 
M. Arago, who had given much careful thought to 


this subject, ield that the actual temperature of 
the earth has certainly not changed to the extent 
of one-tenth part of a degree within the last two 
thousand years. 

. Upon the immediate surface of the earth there is, 
nevertheless, change taking place in the matter of its 
heat from day to day, and from month to month ; 
change, too, which amounts to a veiy considerable 
and important quantity. This change, however, is 
obviously due to an external, and not to an internal, 
cause. It takes place between day and night, and 
between summerand winter. Thesuifaceof theearth 
wherever it is observed, is almost always warmer 
during the day than it is at night, and it is always 
warmer during summer than in winter. The 
changes between day and night penetrate down into 
the ground to a depth of three feet, but terminate 
there. The changes between summer and winter 
penetrate forty feet into the ground, and do not 
reach farther than that. These facts, familiar and 
simple as they are, have, nevertheless, served to 
establish the conclusion, at which men have for 
some time arrived, that the sensible warmth of the 
surface of the earth is absolutely and entirely due 
to the heat which it receives from the sun, and that 
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the weatlier and climate at any one place dej)end 
U{x>n the method in which the sun’s heat is com- 
municated there. The poles of the eaiih are ice- 
bound and cold because for a long part of each year 
they are turned quite away from the sun, and 
because for the rest of the year they receive the 
Sim’s heat-mys fix)m a low elevation in the sky. 
The equatorial aiid inter-tropical parts of the earth 
are frostless and warm because they ai*e never more 
than the few brief hours of an ordinary night with- 
out l)eing liea^ by the dii*ect blaze of the sun- 
sliine, and because during the middle part of each 
day the sun’s heat-rays fall upon them from a high 
elevation in the sky. 

The cold of the Polar regions of the eai*th is veiy 
intense. In the wintering of the exploring ship 
Ahrt, under the command of Captain Nares, just 
within the portals of the Great Polar Sea, where 
frost reigns supreme all the year round, the tem- 
|>erature fell very nearly 74® below the zero of 
Fahrenheit’s scale, or 106^ below the point at which 
water is turned into ice. Even that, however, does 
not adequately represent what the temi>erature of 
the earth’s surface would be if there were no sun- 
shine to wann it, because in the cold which was 
then experienced there were still some dregs of the 
past summer’s sunshine remaining, and there w^as 
also some little overflow from the sunshine of 
happier regions towards the south carried even thus 
fai' by the cuiTents of the ocean and by the wings 
of the wind. In the regions of space, where there 
is no solid or heat-absorbing substance placed to 
catch and to be warmed by the radiant sunshine, 
the cold is almost certainly many degi’ees below 
this. M. Pouillet, an altogether competent autho- 
rity upon such a matter, inferred, from some inge- 
nious experiments wdiich he had devised, that the 
cold of void external space must be at least 253® of 
Fahrenheit’s scale lower than the temperature of 
freezing water ; * that is, farther below freezing 
water than boiling water is above it. Such would 
almost certainly be the condition of things upon 

* It ifl not pomrible to arrive at any exact conclusion in refer- 
ence to the cold of external space ; but it is clear from various 
considerations that it must be considerably beyond that of any 
temperature that is experienced upon the earth. M. Fourier 
considered it to be somewhere about -60® Centigrade, or -76® 
Fahrenheit, which, however, is only about two degrees lower 
than the cold which was subsequently experienced in the 
winter quarters of the Alert in 1S76. M. Pouillet's conolusion 
from his experiments was that the temperature of inter- 
stellar space is certainly as low as - 115® Centigrade, and possibly 
as low as - 175® Centigrade. The mean of these figures, and the 
temperature which may therefore be assumed as probable for 
•pace, is -140® Centigrade, oi’-221® Fahrenheit. 


the surface of the earth in the entire absence of 
sunshine. 

Recent investigations which have been made in 
reference to the heat of the sun have demonstrated 
that eveiy square yard of its radiant surface gives 
out every hour into surrounding space as much 
heat as would be generated by burning 13,6001b. 
of coal, and as would suffice to drive a steam-engine 
of 63,000 horse-power for that time. The entire 
surface of the sun emits in a year as much heat 
as would be pix)duced by burning a layer of coal 
seventeen miles deep, spread all over the solar 
s)>here. The proportion of this radiant energy 
which the earth receives as its share amounts to 
only the two hundred and thu*ty millionth part of 
the w’hole. But even that is a richly abundant 
supply for all terrestrial needs. It is enough to 
melt in the year a coating of ice one hundred feet 
thick, spread over the entire earth as a uniform 
shell. 

The sun’s heat, however, does not fall with equal 
intensity iqx)!! all parts of the earth. Partly because 
the earth has a spherical form, and partly on 
account of the way in which its spherical body 
whirls round uix)n itself as it sweeps along in its 
annual path about the sun, some parts of its surface 
get more of the solar heat than the rest. All the 
broad zone which lies near to the centre of largest 
gyratoiy movement and between the tropics which 
limit the range of the vertical sun, gets a very large 
share; whilst the opposite portions, which lie farthest 
away from this zone, and immediately round the 
poles of the axis of rotation, receive a share that is 
relatively veiy small. The chief reason for this 
difference is that during the warmest paiii of each 
day the sunshine falls more i)erpendicularly, or 
directly, down upon the inter-tropical regions than 
it does at any time upon the poles. Every one is 
aware hovr very much more the sun’s warmth tells 
in the middle of a summer day, when the sun is 
high in the sky, than it does in the early morning, 
or late evening, when the sun is low. llie greater 
heating power of the more direct sunshine is due to 
the circumstance that the heat contained in any 
given breadth of the sunbeams is more coiiceutrated 
when they fall upon a surface which is transverse, 
or directly acix)ss, the path by which they arrive, 
than when tliey fall upon one which is sloping, 
or inclined, in reference to that path. Thus, 
in Fig. 1 let a b, c d, be taken to represent a 
columnar beam of noon-day sunshine falling per- 
pendicularly upon the surface of the earth frem o to 
d; and let E f represent the space upon which a 
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rinular beam would strike when it fell slopingly upon 
the Buifaoe from the sun low in the sky, either soon 



after rising in the morning, or shortly before setting 
in the evening. Then, if the length of the line which 
stretches between f e be measured off, and a line 
of exactly the same extent be drawn at f e, it will 
be apparent at a glance that tlie line f e (or f e) 
is considerably longer than the line c d (c d), and 
that the incident sunshine included within the 
beam is consequently spread over a much larger 
space in the case of F e than in the case of 0 D. The 
heat carried by the beam is diffused over a wide 
space in the one case, and concentrated ujx)n a 
comparatively small space in the other ; and it of 
course tells more in producing sensible warmth 
when it is concentrated, and tells less when it is 
more widely scattered. Towaixls the poles the 
sunshine never falls otherwise than in the oblique 
and less heating way at any part of the day. The 
sun never rises very high in the sky, and for a 
great part of the year never rises into the visible 
sky at all. Polar sunshine is therefore at the best 
in its heating effects very much like morning and 
evening sunshine at other parts of the earth. 

A second influence combines, however, with this 
concentration of the heating force of perpendicular 
beams to produce the greater amount of warmth in 
noontide than in morning and evening, or in 


Polar, sunshine. Perfectly clear and dry air allows 
nearly the whole of the heat of incident sunshine 
to get through without suffering diminution or 
loss by the way. But air that is laden with 
moisture, whether in an invisible and transparent 
state, or in the state of visible mist and cloud, does 
not permit the same free passage to heat. It 
stops considerable portions of it by the way, and 
either imprisons them in itself, or casts them back 
into outer space. If the line of vapour laden air 
through which the incident beams have to pass is 
a long instead of a short one, then, of course, the 
effect is so much the greater on account of the 
length, and still more of the sun’s warmth is held 
back from its proper work of heating the ground 
or the sea. As a matter of fact, the sunshine does 
pass through longer lines of air about sunrise or 
sunset than at noon. In Fig. 2 let e, e, e, e be con- 
ceived to represent the curve of the solid surface 
of the earth ; and a, a, a, a to represent the curve 
of *the outside limit of the investing air, then the 
line of air through which the noontide sunshine 
would have to pass would be the short one r/, b ; 
whilst the line of air which the morning or evening 
sunshine would traverse would be the comparatively 
long one c, d. As, therefore, the sunshine arrives 
upon the ground at morning or evening by a longe’’ 



air journey than it does at noon, ana as it also comes 
by this longer journey at a time when the air is 
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generally more heavily laden With moisture or 
mist than it is at noon, it naturally follows that 
the sunshine at ^ose times is found to have been 
deprived of a comparatively large imrt of its heating 
power. What is true in the case of the morning 
and evening is also true of the Polar regions of the 
earth, and, in a degree, of all regions that have 
short days and low noontide suns in the winter 
season. 

The fact that pure dry air is freely and almost 
absolutely pervious to heat is an important and 
interesting featui^ in the arrangements of Nature. 
It is so important, indeed, that a woid has been 
contrived to express this chamcteristic of air with 
the shai’p precision of scientific definition. It 
is termed ‘‘Diathermancy/** so that this name 
stands in relation to heat very much in the same 
|)osition that transpai*ency holds in reference to 
light. Diathermancy is sometimes familiarly spoken 
of as meaning “ tmnsimi'ent to heat,** and there is 
no objection to this familiar I'endering of the term 
if it is clearly understood that the heat which has 
made its way through the j^meable substance 
rendei^ itself “ apparent ** in the end, by calling up 
the sensation of wannth in the skin, rather than 
by producing the sensation of sight in the eye. 
The tramparency of the air allows luminous emana- 
tions from the external bodies of space to reach the 
solid surface of the invested spheie. It tits the 
atmosphere to act as a window to the earth, through 
wliich men can look uix)n the outside regions of 
Nature, and thi'ough which all the gorgeous effect 
of illumination and colour can come in to stamp 
terrestrial objects with ^dsible and distinguishable 
form. To arrive at a clear idea of what the earth 
would be without a transparent atmosphere, it is 
only necessary to think of the asjiect of London in 
a thick November fog- So, also, if the air were not 
as freely ]:>ermeable to heat-vibrations as it is 
to light, the earth could not possibly be vivified as 
it is through the influence of sunshine. It is the 
heat-vibrations from the sun which stir up the 
molecules of teiTestrial matter to marshal them- 
selves into organised forms, and to carry on the 
structural transfoiinations ujx)n which vitality 
depends. Professor Tyndall, by a series of delicaU* 
expeiiments, which he I’epeated in detail in his 
lectures at the Royal Institution in 1862, satisfied 
himself that pure air, and the elementary gases, 
oxygen and nitrogen, of which air is com{K>sed, 
allow heat-rays -of even the feeblest character to 
Diftthermancy : from the Greek through, and Bipfiii, 


traverse their substance, without being deprived 
of any appreciable portion of their warming power. 
It is far otherwise, however, with moist air, even 
when of perfect transparency, and without any 
trace or taint of visible mist. Air saturated with 
moisture intercepts and absorbs large quantities of 
heat ; in all cases as much at least as 5 ^3er cent., 
and in some instances as much as 70 per cent., of 
that which is thrown in amidst its molecules. 
Moist air thus serves both to soften the scorching 
power of hot sunshine which comes in from without, 
and to prevent the warmth which has already made 
its way into the solid gi’ound from being too readily 
and too lavishly scattered back again into outer 
space. It is for this reason that the sunshine on 
the tops of high mountains, which are above the 
chief mass of the vapour that is incorporated with 
the air, scorches and blisters the skin so much 
more than the sunshine of the low-lying and moist 
regions of even the tomd zone. This is a subject, 
however, which will have to be again alluded to 
upon another occasion, when the aqueous vapour 
of the air is more immediately under consideration. 

On account of the diffei'ent heating power pos- 
sessed by direct and oblique rays of sunshine, 
inclined surfaces are ai>t to be more ])owerfully 
heated by the sun when at a low altitude in the 
sky than the moi*e le\el gi*ound. Thus, if in 



Fig. 3, A B be conceived to represent a beam ol 
incident sunshine falling obliquely upon the super- 
ficial space of the hoiizontal ground extending from 
c to D, then the same beam would be concentrate I 
upon the shorter extent, D e, of the slope of a hill 
stretched transversely across the i)ath, and would, 
therefore, exert more heating power upon it than 
upon the level ground. D E in Fig. 4 would 
represent the space upon which the same amount 
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of lieat was concentrated in one case, and o d that The reason for this minor irregularity in the 

upon which it was scattered in the other case. distribution of the heating power of the sunshine 

But the heating effect over the eartli, is not, however, by any means 

of the sun does not de- difficult to compi'ehend. The simple fact is, that 

pend solely upon the in- the sunshine falls on diflerent parts of the earth 

Fig/i. flhoidng that inddent clination with which the upon substances which have different capacities for 

warming themselves by what they receive; and 

» (Clique Surface ttian when it surfaces that are to be that the heat, therefore, tells more upon some than 
faUs upon a Ferpendioular one. m ^ 

warmed. As a general itpon the rest. Thus, for instance, the sun falls in 

rule, as has been explained in a previous some places upon large stretches of water, and in 

passage, the equatorial and intertropical regions of others upon equally large stretches of land. The 



Fig. 5 .— Showing tbs CoTmas or the Cxmyss or equal Tekfebatubs upon the Earth. 


the earth are more intensely heated by the sun- 
shine than the poles, or the temperate regions 
which are intermediate between the tropics and 
the poles. But the lines of equal heat do not 
rigidly correspond with the circles of latitude upon 
the earth. Thus, in the chart which is drawn in 
Fig. 6, the parts of the earth at which the mean 
yearly temperature of 80‘’ of Fahrenheit's scale occurs 
are represented by the waving line which runs 
across from A to b ; whilst those at which the mean 
annual temperature of 60^ occurs are indicated by the 
line running from c to d. Tlie range of the mean 
yearly temperature of 40” is shown in a similar way 
by the line from e to p ; and of the mean yearly 
temperature of 32°, by the line passing from o to h. 
64 


immediate result of this difference will be seen 
at a glance if the eye is carried along the line a b 
of the chart in Fig. 5. That line, it will be observed, 
touches the equator in the great ocean space of the 
Pacific, and approaches very near to it in the ocean 
space of the Atlantic ; but crosses the large land 
space of the continents of Africa and of India, 
many degrees of latitude away. The range of the 
mean yearly temperature of 80” lies in higher 
latitudes over the land than it does over the sea. 
In other words, the sunshine produces more heating 
effect upon the solid land than it does upon the 
liquid surface of the water. Land in reality is 
heated four times more than water by incident 
sunshine. The surface of the sea on this account 
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in no instance exceeds the tempen^uxe of 85^ ; but 
land surfaces are sometimes heated by sunshine 
to 140®. 

The different extent to which heat takes effect in 
warming up different substances is determined by 
two quite distinct influences. In the first place, 
some substances turn much of the heat which they 
xeceive to some other purpose than the palpable 
and sensible increase of their warmth. This is the 
case in an eminent d^ree with water. It requires 
more heat to warm water up to any given point, 
such as 80^ or 100^, than any other substance 
which is contained upon earth. But in the second 
place some bodies take in only one part of the heat 
which comes to them, and reflect, or throw back, 
the other parts upon surinunding bodies, or into 
surrounding space. This occurs, for instance, with 
white substances, such as snow, white linen, and 
white paper. If a sheet of white paper and a slieet 
of black be laid upon the ground side by side in 
the sunshine, any substance upon which they both 
rest will be much more rapidly warmed under 
the black paper than under the white. 

The power of water to absorb and dispose of 
large quantities of heat without acquiring an 
equivalent increase of warmth is very lemarkable. 
The heat which is suflicient to raise a cubic foot of 
water one degree would raise 3,080 cubic feet of air 
to the same extent. This capacity of substances to 
absorb large quantities of heat into their mass 
without being equivalently vanned up by its re- 
oeption is termed, in technical language, their 

specific heat” Thus, water is spoken of as 
having a higher specific heat, or capacity for heat, 
than merciuy; and mercmy as having a higher 
specific heat than air.* 

But if water has the faculty of thus taking into 
itself such enormous quantities of heat, without 
being warmed in an equivalent degree, it on that 
account serves as a most convenient and economical 
reservoir for the accumulated store which has passed 
into its keeping. It can go on giving back the 
sped&c heat which it has received for a very long 
time before it is exhausted of its ample hoard. In 
the chart traced out in Fig. 5, the track of the 
mean annual temperature of 80^ on the wide ocean 
spaces lies very near to the equinoctial line of the 
earth, because so much of the force of the sunshine 
goes into the water as ^Matent” or specific heat, 
without increasing its sensible warmth; but the 

* The ke&t which wofuld none one cubic foot of water one 
degree would raise thirty cubic feet of mercury to the same 
dszient 


same track extends some degrees away towards 
the north over the continents of Africa and India, 
because the land in those parts does turn into sen- 
sible and palpable warmth pretty well all the heat 
which falls upon it from the sun. On the other 
hand, if the line expressing the range of the mean 
annual temperature of 40® be followed by the eye, 
it will be noticed that it is carried many degrees 
farther north over the water spaces of the Atlantic 
than it is over the land of the western and eastern 
continents ; so much so, indeed, that this seems at 
first sight to indicate that upon that track the 
water is more warmed up by the sunshine than the 
land. That, however, is not ■‘■he real state of the 
case. The warmth, which in this instance consti- 
tutes the mean temperature of 40®, is carried up 
into the higher latitudes of the Atlantic by a strong 
ocean current issuing from the Gulf of Mexico, and 
then passing along the coast of the United States 
of America, and obliquely across the Atlantic 
Ocean far on to the north-western shores of Euroj^e, 
and even to the entrance of the Arctic Sea. Tliis 
current of moving water receives its heat in the 
first instance from the sunshine of the Mexican Sea, 
but then having turned much of what it has i^e- 
ceived into a si)ecific or latent stoi’e, drifts on 
over the long ocean tract for 4,000 miles before 
it has exj^ended the whole of this cai’efully hus- 
banded reserve. Throughout the long sti’etch of 
its northward progress it l)ecomes gradually more 
and more cooled by the slow reconversion of its 
latent hoard into the sensible state. The air 
resting upon it above convectively receives all the 
warmth which it gives out, and in consequence of 
its own low capacity for latent heat in reality 
becomes warmed above 2,000 times faster than 
the water is cooled. In regard to the water 
itself, the cooling is so slow, under the retentive 
power exercised by the high specific capacity, that 
some important part of the waimth of the Mexican 
sunshine actually finds its way to the portals of the 
Arctic Sea. A glance at the chart (Fig. 6) will 
show how boldly the curves of the lines of mean 
temperature are carried up by this influence into 
the high northern latitudes of the Atlantic in the 
cold month of January. The line of the mean tem- 
perature of 40®, which falls very near to Constan- 
tinople, in north latitude 41®, passes also, it will be 
observed, over the south-western parts of England, 
and the northern parts of Ireland, touching in 
them the parallels of 51® and 55®. The mid- 
winter climate of England jb, from this cause, as 
genial and mild as the mid-winter climate of the 
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Dardanelles. No more strikiiig and instructive 
instance could be adduced of the way in which 
the warmth communicated to the earth from the 
sunshine is modi6ed and made to tell with less or 
with greater effect, according to the specific character 
of the surface upon which it falls. 

But the varied distribution of the land itself ; 
the presence of mountains and hills, or of valleys 
and plains ; the predominance of hard bare rock, 
or of pulverulent, grass-covered soil ; the occurrence 
of broad stretches of dry, barren sand, or of wet 


m 

distribution of heat over the surfime of the earth. 
It gets warmed readily in another way, although 
it is incapable of appropriating transmitted sim- 
shine. When air is placed in direct contact with 
ik>\id or liquid substances that are warmer than 
itself, it takes to itself some part of their heat — 
not by passing it on trom molecule to molecule, 
and so conducting it away, as some bodies do ; but 
by carrying it bodily off through a never-ceasing 
succession of particle after particle. At each fresh 
instant new particles of air come into contact with 



bog and marsh ; and the existence or absence of 
broken country, clothed with abounding vegetation, 
all contribute in a similar way to disturb the 
uniformity of the heating power of the sunshine, 
and to prevent the lines of equal mean temperatures 
from being coincident with the parallels of latitude. 
The changing altitude of the sun on the noontide 
sky, with the advance and recess of the alternating 
seasons of winter and summer, of course, still 
fiirther exaggerates this irregularity of distribution. 

Although pure air is so freely permeable to heat 
that it allows sunshine to pass through without 
communicating to it any appreciable portion of its 
warmth, it by no means follows that air has not a 
hxgd and important part to play in the ultimate 


the warmer surface, and take up as full a load of it 
as they can individually bear, and then hasten away 
to afford opportunity for fresh particles to follow in 
their track, and to assume their share in the work 
of ti*ansport. This method of canying away heat 
by successive relays of peripatetic molecules is 
termed convection,^' to distinguish it from con^ 
duction, in which the heat passes itself from mole* 
cule to molecule instead of fixing itself upon mole- 
cules, and moving only with them. Moving air or 
wind, at a low temperature, feels cold when it blows 
against the wato skin in consequence of this pro- 
cess. Such wind carries away the heat from the 
warm skin by the continued impact upon it of fresh 
legions of carrying particles. If air cnirrounding 
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w«itn body were etilli it wouid keep the heat 
in, beoause it could then neither cany nor conduct 
it away. But air scarcely ever is still. It is itself 
one oi the most erratic and restless of material sub- 
stances. The entire mass of any extended volunfe 
of air consequently gets wanned by the drifting 
movements of its own molecules in the end, as 
effectually as it would do if the heat-vibrations 
could pass from particle to particla The air drift- 
ing above the warm current that ascends from the 
Mexican Gulf to the hic[h latitudes of the Atlantic, 
gets heated in this way. It receives, step by step, 
all the waimth which comes out from the water as 
its latent and husbanded store is turned back from 
the latent into the sensible state. The south-west 
wind which blows from the sun-heated tracts of the 
''Atlantic is thus always a genial, warm wind, when 
it finally envelopes with its soft breath the hills and 
plains of England. 

There is, perhaps, no meteorological fact which is 


more persistently illustrated in the evmy-day expe- 
rience of life than the truth that the direction and 
movements of the wind have more to do with the 
determination of weather than the prevalence or 
deficiency of sunshine. When the wind passes over 
any place which is wanner than itself, it takes away 
with it some portion of the warmth. When it passes 
over any r^on which is colder than itself, it gives 
warmth to that place out of its own superabundance. 
The south-west wind thus conveys to England in 
winter time the soft temperatures of the Southern 
Seas ; whilst the north-east wind carries to it the 
cold of the ice-bound land and snow-covei*ed plains 
that stretch across the high latitudes of Europe. 
The sunshine warms the earth, but it distributes 
and apportions the warmth which it bestows through 
the agency and instrumentality of the air-currents 
and the winds. So far as weather and climate are 
concerned, the sun is the prime source of warmth ; 
but the winds are the administrators of the sunshine. 


WHAT ARE THE STARS MADE OPP 

By William Ackroyd, F.I.C., etc. 


W ITH intense yearning must thinking men of 
past ages have looked upwards at the starry 
sky. There in the silent deep, looking deeper and 
vaster the longer we contemplate it, are the “ lamps 
of the night,” each held in its place by some in- 
visible means, each giving out light in some un- 
known way, each rising and setting with the regu- 
larity of the sun. The question would always be 
recurring, What is a start and according to the 
intellectual standing of the self-questioner would 
the answer vary. The wild red man in the back- 
woods peoples them to suit his savage but poetic 
fancy, and even the philosophic dweller in towns 
thinks they are worlds as material as our own : both, 
perhaps, deriving their ideas from the occasional 
landing of a messenger from space in the shape of a 
meteor. Much of this guessing, however, has been 
Bet at rest by the discovery of a means of ascertain- 
ing what the stars are ; and it is our object in the 
pages that follow to tell how this has been accom- 
plished. 

When we learn anything concerning a terrestrial 
substance, we have to see, feel, and handle it, and 
to bring all our senses to aid us in the investigation. 
Such a course of proceeding is evidently impossible 


with the remote stars, billions upon billions of miles 
away, for here only one sense is available — that of 
sight. Nothing reaches us from any particular one 
of these bodies but its light, and if there be any 
secret to discover, it evidently must lie in the star- 
beams. Now, the unaided eye discerns certain 
differences in the stars, but certainly not suffi- 
cient for us to infer anything regarding their 
nature and condition. They evidently differ in 
glory ; some are much brighter than others, and in 
colour they may be white or red, orange, blue, or 
green. Something more than the eye, however, is 
needed to see those peculiarities of the light which 
tell the secrets of the stars. Wo want a ‘‘spectro- 
scope,” with knowledge to use it profitably (p. 76). 
To the uninitiated this instrument appears as 
strange as its name. Nevertheless, it is really a 
very simple contrivance for obtaining in a handy 
form that breaking up of light which in the days of 
our forefathers and more recent times required a 
darkened room, closed and bole-perforated window- 
shutters, prism and screen (Yol. I., p. 192). Let 
us inquire a little into its history, for no more 
interesting task can be put to a student of science 
than that of learning the circumstances of birthf 
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and the aubaequent ata^s of development, which 
have given him the instrument in which he takes 
a pride. * 

This investigation carries us back to the year 
1666. The public mind is still distracted with the 
roar of Dutch cannon, the echo of which has scarcely 
left the Thames, and the direful plague is destroy- 
ing both high and low. A student at Cambridge, 
not yet 32, although known throughout the world for 
his splendid discoveries, is deeply bent upon solving 
another of Nature's problems. Wars and rumours 
thereof interrupt him not, but he is compelled at 
length to fly from the plague, and his discovery is 
not completed until after the scourge has left the 
land. The man was Isaac Newton : his discovery, 
the compound nature of white light. Under such 
circumstances did the spectroscope receive its birth. 
With a beginning so portentous, the ancients would 
have predicted some great future; and, however 
fallacious the grounds for such a prediction, it 
would for once have been fulfilled. With this 
instniment millions of miles of space have been 
set at nought, and the sun and stars analysed ; new 
elements have been discovered on the earth, and 
fresh fields of research have been opened out 

Before proceeding further, we must say a word 
as to the meaning of the term apectmm (plural, 
spectra)^ which we have constantly to use. We 
know that the light of the sun is split up into seven 
colours by a wedge-shaped piece of glass, and by 
little drops of falling water (Fig. 1). Now to get a 



of a primary rainbow. Sudi a slice of light is a 
spectrum. It is a spectrum of the sun’s light 



Fig. 2.— SpectroBcope. 


formed by falling raindrops. With the spectro- 
scope we observe sjjectra of all kinds of light. To 
proceed. Recall to mind Newton’s famous experi- 
ment, and you see at once the principle upon which 
the spectroscope is constructed. You are in a dark 
room, and through a single hole in the sliutter a 
beam of sunlight is admitted. A prism — i.e., a 
wedge-shaped piece of glass — is placed in its path ; 
the light hi its passage through the prism is split 
up into a sj^ectrum, which is cast on to the white 
wall of the darkened room. In the spectroscope 
we have a means of performing the same experi- 
ment in a compact form. Turn to Fig, 2. The 
tube (s 1) represents the darkened room, and a slit 
at the end (s) serves for the hole in the shutter. 
There is a prism (p), and instead of a screen, 
the telescope (t) which magnifies the spectrum 
* before it is cast on to the retina. The com- 
parison may be made in tabular form : — 

» Experiment, Spectroecope, 

1. Window shutter 1. A fine perpendicular slit 
with a hole in it, («) at the end of a tube. 

2. Darkened room- 2. Tube {« Fig. 2) with 
slit at one end («) and con- 
vex lens at the other (/). 

3. Prism. 3. Prism. 

4. White wall or screen 4. Retina to catch the speo- 

to catch the spec- trum, after being magnified 

trum. by the telescope (t). 



Pig. 1.— To iUnstrate the meaning of the word Spectrum. 


correct idea of what the physicists mean by the 
word spectrum, imagine a dice (r v) to be cut out 


We need not trouble ourselves here with the 
various stages of improvement which have 
given us in the spectroscope such a handy 
means of performing Newton’s experiment. 
Let us rather make a few experiments with 
the instrument, to the end that we may 
learn something of those mysterious bodies, the 
stars. 
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Place a candle before the slit at e, and having 
oovered the prism vrith a Uack cloth, take a 
peep into the telescope at t You see what might 
be taken for a slice out of a brilliant rainbow, 
the spectrum of candle-light. There is no break 
in the q)ectrum, it being imperceptible where one 
colour begins and another ends. Such rainbow 
slices are called continuous spectra^ and are cha- 
racteristic of white-hot liquids and solids. The 
incandescent carbon in the electric light gives a 
continuous spectrum, and white-hot metals like 
iron and platinum give continuous spectra. 

Now take away the candle-light, and by means 
of a looking-glass reflect the light of the sun into 
the spectroscope. Take another peep into the 
instrument, and see what the solar 8t)ectrum is 
like. The rainbow patch this time is furrowed 
with dark lines placed side by side at light angles 
to the length of the spectrum. A faint idea of 
the appearance is obtained from Fig. 3. 

The court of Belshazzar could scarcely 
have felt so strong a desire to make out the 

It M 0 F b S 



Fig. 3.^Solar Spectnun. 


handwriting on the palace walls as that expe- 
rienced by the small band of philosophers who 
studied these lines in the sun’s sjiectrum at the 
beginning of the present century. Dr. Wollaston 
discovered them, but there his labours ceased. 
Fraunhofer mapped them, calling some of the more 
prominent lines by the letters of the alphabet, and 
they are now known as FraunJiofer^s lines. This 
observer also found the dark lines in starlight, 
although not in the same number and proportion 
as in sunlight. Their presence in the spectra of 
sun and stars seems to indicate that some common 
mystery hangs around them, and feeling that in 
solving one we are solving all, we may confine our 
attention to the sun, which is really a star among 
the myriads of other stars that people the universe. 
Here, then, is that peculiarity in the star-beam 
which will tell us something about the body whence 
it comes, and to interpret it aright we must again 
turn to the consideration of spectra we can readily 
obtain in the laboratoiy. We want to see now 
whether we can produce any appearance similar to 
that presented by the solar sijectrum. If we can, 
it will be of great inportance to notice all the 
drcumstances under which the appearance is 


obtained. With this object we might first observe 
the spectrum of every availaUe source of light 
The electric spark passing through rafefied gas 
gives a beautifully coloured light A coloured 
light is likewise given by various substances 
when they are thrown into the colourless Bunsen 
flame, e.g . : — 

Calcic nitrate produces a red light 
Lithic chloride „ carmine light. 

Strontic nitrate „ crimson light. 

Bodic chloride „ yellow light 

Fotassic chloride „ violet light. 

When we examine each of these coloured lights 
with the spectroscope, we get a spectrum of bright 
lines — a discontinuous spectnim, no longer a 
continuous rainbow - patch, but lines separated 
from each other, and coloured according to their 
position. The common salt (sodic chloride), for 
example, gives one single yellow line; the com- 
pound of lithium a red and an orange line ; and 
each of the other substances is distinguished by its 
characteristic lines. So that if a substance, when 
D c B a A flame of a Bunsen 

burner, gives a yellow line in a 
particular position, we know 
we are dealing with the metal 
sodium; or, if we see the 
orange and red lines in theiz 
proper places, it is certain we have found lithiunL. 
Should we see lines in the spectrum that we have 
never seen before, it is certain we are dealing with 
some new element or compound. In this way 
our countryman Crookes discovered the metal 
thallium, which gives in the Bunsen burner a 
green flame, and in the i^J)ectroscope a single green* 
line. Bunsen, a great German chemist, likewise 
discovered in this way two elements resembling 
potassium in many respects ; and a great many 
discoveries have been made in this manner. 

Now, by what ai’e these line spectra produced? 
Evidently, in the case where the electric spark 
passes through a vacuum tube, a luminous gas 
gives the bright lines, and a little close observation 
will show that in the other cases luminous vapours 
produce the line spectra. If one takes a piece of 
platinum wire, with a loop at the end, and places 
this loop in the Bunsen flame, with a little strontic 
chloride on it, a brilliant bright line spectrum is 
obtained at once; and a few seconds after the 
crimson portion of the flame is seen to rise from 
the fused chloride : the chloride is being vapourised, 
and the luminous vajmr gives bright lines. From 
these facts we learn, then, that ^e kind of spectrum 
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depends to some extent upon the physical state of produce dark lines in a continuous spectrum. To 
the light-source. A solid or a liquid gives a con- try the experiment, the reader may place a small 
tinuous spectinim ; a gas or a vapour gives a dis- quantity of the strong acid in a test-tube, and then 
continuous, or bright line spectrum. Conversely, seal up the upper j)ortion of it with a blowpipe. 



Fig. 5.— Spectrmn of Iodine Vapour. 


a continuous spectrum indicates within certain limits 
a condition of solidity or fluidity, and a bright line 
spectrum a state of gas or vapour. 

Besides coloured flames, there are transparent 
coloured gases, and it will now be of considerable 
interest to turn our spectroscope to their investiga- 
tion. They are not sources of light, but evidently 
have the power to abstract some portions of white 
light, while the rest is allowed to pass through. 
Iodine is a substance of this sort. At the ordinary 
temperature it is a solid of a bluish-black colour, 
and imperfect metallic lustre. It is most readily 
converted into a violet-coloured vapour. Take a 
crystal, and put it into a small flask. Then, by 
means of the blowpipe, draw out the neck into 
a fine capillary tube (Fig. 4). If the flask be 
now warmed, the iodine is vapouiised. Whilst 
the flask is filled with the violet vapour, interpose 
it between the slit of the spectroscope and a light 
which gives a continuous spectrum. Dark lines are 
now seen in the spectrum. Fig. 5 is a sketch of the 
iodine spectrum, at a tempera- 
ture a few degrees above the 
boiling-point of water. I em- 
ployed a paraflSn-oil lamp to 
give the continuous spectrum, 
and used a spectroscope exactly 
like that represented in Fig. 2, 
so that the order of apparatus 
was this : — ( 1 ) lamp ; (2) flask 
containing iodine vapour ; (3) 
si>ectroscope ; (4) eye. Hie 
Fraunhofer lines, n, e, 6, f are 
given so that the position of 
the dark iodine lines may be 
judged of. These Fraunhofer 
lines are the spectroscopist’s sign-posts, and a spec- 
trum of a substance ought never to be given without 
them. If this point be neglected, much confusion 
is produced, and in the case under consideration the 
blue end of the spectrum could not be told from the 
red by means of the iodine lines alone. 

The vapours arising from strong nitric acid also 


The portion of the closed tube above the surface 
of the acid a h (Fig. 6) is filled with coloured fumes, 
which, when examined in the way that iodine vapour 
was, gives dark lines in the spectrum. 

A comparison of Figs. 3 and 5 leads us now 
to an interesting speculation. Both the spectra 
agree in having dark lines. Can it be, 
then, that the sun is a great body, 
having in itself the power to give out 
light, and likewise the power to 
abstract some of this light, acting like 
i;he« oil-lamp and the iodine vapour 
together? With this hint, imagina- 
tion conjures up an enormous white- 
hot ball to give out a continuous 
spectrum, and a coloured atmosphere 
surrounding it to sieve the white light, 
and produce the Fraunhofer lines. It Nitrogen.^* 
will be seen in the sequel that this is 
very near the mark, although not precisely the 
truth. 

The various branches of science stand to each 
other much in the same relation as the members 
of a business community. Facts and figures are 
ti’ansferred from one to another to their mutual 
advancement. In this way the science of light is 
largely indebted to that of sound ; and here again 
we shall have to draw upon the latter for an illus- 
tration which will enable us to get at the precise 
truth respecting these Fraunhofer lines. Gently 
press down one of the keys of a piano. Now sing 
out several notes, one of which is of the same pitch 
as the note you are fingering. The piano will re- 
spond, selecting out of the many notes sung the 
particular one that would be emitted by the key 
you have your finger on. To take a simpler ex- 
ample still. Suppose you have two stretched wires 
before you, both in unison. If you twang one, the 
other will visibly vibrate ; and if the first one be 
stopped, the second will be heard to give out a 
weak note. Pitch in soimd corresponds to colour 
in light, and just as a string, capable of giving a 
note of a particular pitch, will receive that note 
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from a similar string Bounding, and give out the 
note in a weakened degree, so a source of light of 
a particular colour will receive light from another 
source of precisely the same colour, and appear to 
give it out in a weakened degree — ^in other words, 
the vapour of a metal at a lower temperature will 
absorb exactly those rays which it will emit at a 
higher. This is the principle enunciated by Kir- 
choff, and one of his experiments in support of it 
was this : A continuous spectrum was obtained 
with the oxy- hydrogen limelight, and a yellow 
sodium flame was interposed between the light- 
source and the spectroscoj)e, as in our experiment 
with the iodine and oxides of nitrogen. A dark line 
appeared whei’e the yellow luminous sodium line 
ought to have been. The great importance of the 
discovery lies in this, that if we have a spectrum 
with a series of dark lines in it, and we find a 
metal whose luminous vapour gives corresponding 
bright lines, then we may safely say that the dark 
lines are produced by this metal. Turn to the 
figui*e of the solar spectrum : there is a double line 
lettered D. Tins double line is emitted by glowing 
sodium vapour. There is sodium vapour, then, in 
the atmosphere of the sun. The mystery is solved ! 

. The Fraunhofer lines tell us that there are in 
the atmosphere of the sun, hydrogen, sodium. 


barium, calcium, magnesium, aluminium, iroil, 
manganei^, and a great many other metals. They 
tell us that the exceedingly hot nucleus of the suu 
is surrounded by cooler metallic vapours, which are, 
yet so very hot that the metals exist in a state of 
vapour (p. 77). 

In 1861 Huggins and Miller turned their atten- 
tion to the spectroscopic study of the stars, and 
some of these, like the stars Aldebaran and Betel- 
geux, they found to give spectra of dark lines. 
These dark lines they compared with the bright 
lines produced by terrestrial substances, finding 
indications of hydrogen, sodium, magnesium, 
calcium, iron, bismuth, tellurium, antimony, and 
mercury, in Aldebaran ; and sodium, magnesium, 
calcium, iron, and bismuth, in Betelgeux. These 
im|)ortant investigations teach us something posi- 
tive about the stars : that, like the sun, they have 
a community of matter with the earth ; and that, 
like this centre of our system, many of them must 
be sufficiently hot to have metals in the vaporous 
state which on the earth ai'e solid even at compara- 
tively liigh temperatures. They may be worlds on 
the way to become like our own, cool and habitable * 
and doubtless untold ages ago our earth was in the 
same plight, this being attested by its present 
shape, its hot springs and lava-emitting volcanoes 


THE PEOTECTIVE COLOURS OF ANIMALS. 

By Alfred Hussel Wallace, F.L.8., Author op The ^Ialay Archipelago,*' etc. 


T O the ordinary observer the colours of the various 
kinds of molluscs, insects, reptiles, birds, and 
mammals, appear to have no use, and to be dis- 
tributed pretty much at random. There is a general 
notion that in the tropics everything — insects, birds, 
and flowers esi^ecially — is much more brilliantly 
coloured than with us ; but the idea that we should 
ever be able to give a satisfactory I'eason why one 
creature is white and another black, why this cater- 
pillar is green and that one brown, and a third 
adorned with stripes and spots of the most gaudy 
colours, would seem to most persons both pre- 
sumptuous and absurd. We propose to show, 
however, that in a large number of cases the colours 
of animals are of the greatest importance to them, 
and that sometimes even their veiy existence 
depends upon their peculiar tints. 

It is an almost universal rule that each snimal 
either has enemies which seek to feed upon it, or 


that it seeks itself to feed upon other animals. In 
the fii’st case, it has to escape its enemies or it 
cannot long continue to live. Tliis it does either 
by its swiftness of flight, by its watchfulness, or by 
hiding itself from view. Some species come abroad 
only at night, some burrow under gi'ound, many 
hide themselves among leaves, or bark, or stones, 
and thus escape destruction. Their enemies, how- 
ever are as swift and as watchful as they are 
themselves, and they can in most cases only escape 
them by avoiding observation. To do this, they 
must not be too conspicuous ; and thus any kind ot 
colouring that renders them hardly visible while 
seeking their food or attending to their young, 
actually tends to preserve their lives, and often 
alone enables them to secure the safety of their 
offspring. But the enemy who is in pursuit of 
them is in just the same predicament. He, too, 
must be concealed by his colour, or he will be seen 
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afar off and liis prey will seek a secure concealment. 
In that case he will simply starve to death, and his 
race will cease to exist. It thus appears that 
almost every kind of animal requires concealment ; 
and it might therefore be thought that colour must 
always be injurious, and ought never to exist And 
as oolour not only exists, but abounds among the 
various classes of animals, it may be thought that 
we have here a reductio ad ahmrdvm^ and that 
protective colouring cannot be of much importance. 


into consideration, we find that there is an ample 
field for the development of bright and conspicuous 
colour on the one hand, and for the display of an 
infinite variety of protective tints on the other, 
dej)endent on the structure, the habits, and the 
instincts of the different kinds of animals. 

Let us now consider a few familiar examples of 
protective colouring. Owing to the mildness of the 
winter of 1877, and the dampness of the following 
spring, my garden was oveiTun with slugs, and I 



Pig. 1.—The Bufp-Tip Moth. 


Further examination, however, shows us that even 
gl^y colours are very often protective, because the 
earth and the sky, the leaves and the flowers, 
themselves glow with pure and vivid hues. In 
other cases conspicuous colouring is useful to an 
animal, as when it is protected by the possession of 
a deadly sting or a nauseous taste, and the bright 
or unusual coloui* warns its would-be enemies to 
avoid it. There are also a great number of animals 
that appear to be sufficiently able to take care of 
themselves without resorting to concealment, and 
with these the tendency to the production of colour, 
which seems to be inherent in organic beings, 
exhibits itself unchecked. Taking all these facts 
66 


had to wage continual war against them. On every 
damp evening I would go round the borders, 
examining the choicest plants, and, taking the slugs 
off with a knife, deposit them in a jar of strong 
brine. While doing this, many of them, on being 
touched, would contract and drop to the ground, 
and though they fell close under my eyes, I often 
had some trouble to find them again, owing to theii 
close resemblance to the small pebbles with which 
the soil abounded. They varied in colour from 
nearly white, to brown, yellow, and nearly black, 
and when contracted into an oval lump, they were 
exactly like the variously-coloured wetpebblea One 
black slug with an olive-yellow under-surface, when 
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oontracted was wonderfnllj like a bladdsh flint 
pebble broken in two, showing the yellowish inside 
so common in such stones. It may te said timt this 
was only an accidental resemblance, and at first it 
did not strike me as being anything else ; but when, 
time alter time, I lost sight of a slug beneath my 
Teiy eyes, and had often no other means of finding 
it again but by touching the various small stones 
with my knife till 1 found a soft one, the conviction 
forced itself upon me that here was a case of true 


tection by colour among animals of our own 
country, before proceeding to those mote wonderful 
developments winch occur chiefly in tropical lands. 
Every collector of beetles must have observed how 
many of our CurculionidcB or weevils are brown cx 
speckled, and also that they have the habit, on 
being touched or alarmed, of falling down on the 
ground, drawing in their legs and anteunee, and 
there becoming undistinguishable from small lumps 
of earth or stonea Others, however, which are found 



Fig. 2.— Taa Latpst Moth. 


protection, and that what deceived me would also 
probably sometimes deceive the birds and other 
animals that feed upon slugs. In the tropical forests 
I had often in the same way to resort to the sense 
of touch to supplement that of sight, in distinguish- 
ing between the phasmidte or stick insects *’ and 
roal pieces of stick; and as in this case it is 
iniversally admitted that the resemblance is a 
protection to the insects, since it saves them from 
the attadcs of the nummous tropical insectivorous 
lords, we may well believe that our familiar slugs 
are similarly protected firom the thrushes and other 
birds which feed upon them. 

We will now consider some other cases of pro- 


constantly on nettles and herbage, are beautifully 
green, and these usually run or fly away when 
alarmed. A curious little beetle, OnthophUm 
stUeatus, is brown and furrowed, so as exactly to 
resemble the seed of some umbelliferous plant. 
The beautiful Musk-beetle, which usually rests 
upon the leaves of willows, is green ; wMe the 
Saperdas and Bhagiums, which frequent timber or 
posts, are invariably brown or yellowisL It is, 
however, among our moths, which are at once more 
conspicuous and- more defenceless, that the best 
examples of protective colouring in this country 
are to be fowd. The beautiful green Agriopi" 
aprUina and the dusky Aerongeta pti rest duiin}( 
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Ui« daj cm tihe trunks of trees, and are often oom- 
pletelj concealed their resemblance to the green 
and grey lichens which surround them. The Lappet- 
moth {Gcutropaeha qtieret), when at rest, so disposes 
its rich brown wings as to resemble, both in shape 
and colour, a dead leaf (Fig. 2) ; while the Buff-tip 
moth (Pygcera huoephala) so contracts its wings that 
it looks exactly like a thick piece of broken stick, the 
yellow patch at the extremity of the wings giving 
the appearance of the freshly-broken end (Fig. 1). 


a leaf, and, vice vereA, the dung for the moth. Two 
other moths, BryopMUt gUmd^era and B. p«rla, are 
the vary , image of the mortar walls on which they 
rest ; and in Switzerland I amused myself for some 
time in watching a moth, probably Lcvrentia, 
tripwnctcma, fluttering about dose to me, and then 
alighting on a wall of the stone of the district, 
which it so exactly matched as to be quite invisible 
a couple of yards off.” It has also been noticed 
that the general tints of the moths which are on 



Fig, 3 .— Jaoobxjb Catbbpzllabb. 


This is a case which well illustrates how impossible 
it is to decide from the appearance of a specimen in 
a cabinet whether the colours of an animal are or 
are not protective, for no one would imagine that 
this handsome and conspicuously-coloured moth 
could ever deceptively resemble a bit of dead stick, 
and so obtain protection from its enemies. It is a 
very common thing in the tropics to find beetles 
and moths which resemble bird’s droppings, and the 
same occurs in this country ; for Mr. A, Sidgwick, 
in a paper read before the Rugby School Natural 
History Society, says : ‘‘ I have myself more than 
once mistaken Cilix ixmpressa^ a little white-and- 
grey moth, for a piece of bird’s dung dropped upon 


the wing in autumn and winter correspond to the 
prevailing hues of nature at those seasona The 
Rev. Joseph Greene states that the great majority 
of the autumnal moths are of various shades of 
yellow and brown, like those of the autumnal 
foliage; while the winter moths of the genera 
Chdmatobia and Htjhemia are of grey and silveiy 
tints. 

It is among the caterpillars, however, that pro- 
tective colouring is the most general and con- 
spicuous. An immense number of these creatures 
are green, con'esponding with the tints of the leaves 
on which they feed, or brown when they rest on 
bark or twigs ; while a large number of the larvae of 
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the Geometridtt or Loopers have the habit of stick- 
img themselves out rigidly like sticks, which they 
exactly resemble in ^ape as well as in colour. 
Every one knows, however, that there are a number 
of very brightly-coloured caterpillars, and it may 
be ask^ how these are protected, or why the others 
need protection if these can do without it. The 
answei* to this question is most instinctive, and 
affoixls the most conclusive proof that various 
examples of protective tints in nature leally have 
the effect we impute to them. It has been found 
by repeated observation and experiment that every 
gieen and brown caterpillar, without exception, is 
greedily eaten by birds, and even by frogs, lizards, 
and spiders, and that they endeavour to conceal 
themselves from these numerous enemies by feed- 
ing usually at night, while dming the day they 
remain motionless upon leaves, twigs, or bark, of 
the same colour as themselves. The brightly- 
coloured caterpillars, on the other hand, were found 
to be universally rejected by birds when offered 
to them, and even by lizards, frogs, and spiders. 
None of these would touch the common spotted 
caterpillar of the magpie moth {Ahraxaa grosaur 
laridta)^ nor those of the Cuccullia verbctsci, CdUi- 
nwrplutjacohew (Fig. 3),orthe-4 
Sometimes the caterpillars were seized in the 
mouth, but always dropped again, as if in disgust 
at their taste. The same rule was found to apply 
to all the haiiy or spiny caterpillars ; and, what is 
very interesting, the habits of these creatures are 
correspondingly different from those of the green 
and brown eatable species. They all feed during 
the day ; they do not conceal themselves, but feed 
openly, as if courting observation, and secure in the 
knowledge of their safety from all enemies.* 

This connection of gay colours and bold habits 
with non-edibility, throws light on many other 
cases of bright colouring which might otherwise 
be adduced as opposed to the theory of protection. 
Thus, among our beetles we have such conspicuous 
creatures as the lady-bii’ds (Cocchidliddi) and the 
^‘soldiers and sailors” among the Malacoderms, 
which are all conspicuous and defenceless insects, 
never hiding themselves, or seeking concealment, or 
feigning death, as do so many other beetles. The 
reason is now found to be that, like gaudy cater- 
pillars, they are generally unfit for food. The same 
explanation may be given of the conspicuous 
whiteness of certain motha One of these, 

* For a full accoun# of these interesting experiments, see 
** Contributions to the Theory of Natural Selection,” 2nd Ed., 
F. 117. 


SpiloBoma is very common, but when 

given by Mr. Stainton to a brood of young tur- 
keys among hundreds of other worthless moths 
after a night's ‘‘ sugaring,” it was always rejected, 
each bird in succession picking it up and then 
throwing it down again, as if too nasty to eat. 
The same thing has been observed with the showy 
butterflies forming the family Danaidce, Insect- 
eating birds were observed by Mr. Belt in South 
America, catching butterflies wliich they brought 
to their nest to feed their young ; yet during half 
an hour they never brought one of the Danaidse, 
which were flying lazily about in great numbers. 

But there are other modes of protection, be- 
sides a nauseous taste which rendern concealment 
unnecessary. Eitlier weapons or armour have the 
same effect, if they are sufficiently perfect of tlieir 
kind to render it useless or dangerous for their 
enemies to attack them. The best example of 
aimed insects are the bees and wasps, and among 
these conspicuous colours are the rule, while they 
usually fly about and seek their food without any 
attempt at concealment. Otlier insects have so 
hard a covering, or such awkward spines, as to be 
practically uneatable, and among tropical insects 
many of these are conspicuously or gaudily coloured. 
One of the few examples we have of this group are 
the little Ruby-tail wasps (Chrysis) which have no 
stings, but have the power of rolling themselves up 
into a ball, which is very hard ; and they are so 
gorgeously coloured as to appear like some 
curious jewels. Others, again, obtain protection by 
extreme rapidity of flight, and by concealing them- 
selves in holes or among flowers when at rest, and 
these are often brilliantly coloured, as in the case 
of the common Rosechafer. These few examples are 
merely intended to show that it is no argument 
against the use of protective coloura in some 
animals, that many others have brilliant and clearly 
non-protective hues. In those cases, the creatui*es 
have certainly some substitute which enables, them 
to live and continue their race. What this sub- 
stitute is we can in some cases find out, but in 
many others we are too ignorant of the habits and 
suiToundings of the species to determine whether 
its peculiar colours are or are not protective, or, if 
they are not, to determine what are the peculiar 
conditions which enable it to dispense with this par- 
ticular kind of safeguard. An excellent example 
of a brilliantly-coloured insect, which yet obtains 
protection by its colours, is affoixied by the cater- 
pUlar of the Emperor moth {Satwnia pavmior 
minor). The green body adorned with pink spots 
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is pre-eminently beautiful, and in most situations 
conspicuous ; but it feeds on the common heather, 
and its colours then so completely harmonise with 
the young green shoots and small pink flowers, that 
it is with difficulty detected. 

Leaving now these familiar examples, to be found 
everywhere around us, let us cast a glance over a 
wider field, and see how the general conditions of 
existence, afiecting many difierent groups of animals 
at once, influence their coloration for protective 
purposes. And first let us transport ourselves to 
the great deserts of the earth, and inquire what 
kind of animal life we find there. Canon Tristram 
has travelled much in the Sahara, and he thus 
describes the characteristic colours of its animal life : 

In the desert, where neither trees, brushwood, nor 
even undulations of the surface, aflbrd the slightest 
protection against its foes, a modification of colour 
which shall assimilate an animal to that of the 
surroiuiding country is absolutely necessaiy. Hence, 
without exception, the upper plumage of every bird, 
whether lark, chat, sylvian, or sand-grouse, and also 
the fur of all the smaller mammals, and the skin of 
all the snakes and lizards, is of one uniform isabelline 
or sand colour.” This is not a characteristic of one 
desert, but of alL In a recent accoimt of the Steppe 
of Erivan in Asia Minor, it is said that ‘<a re- 
markable feature of the animal inhabitants of the 
Steppe, insects and reptiles, and especially of the 
lizards, is the most perfect coincidence of their 
colouring with the colouring of the Steppe.” More 
prominent examples of this prevalent tint are such 
animals as the camel and the lion, which are exactly 
of the usual tints of sand and sandy rock. 

Let us go now to the arctic regions, and we find 
these reddish-yellow tints entirely wanting, and in- 
stead of them pure white, or in a few cases dai'k- 
brown or black, where conspicuousness seems of 
more importance than concealment. All the bem’s 
of the globe are brown or black, except the polar bear, 
which is white. The polar hare, the snow-bunting, 
the snowy-owl and the jer-falcon, are also white or 
nearly so ; while the arctic fox, the ermine, and the 
Alpine hare, change white in winter, as does our own 
Highland ptarmigan. This last bird is a fine example 
of protective colouring, for its summer plumage so 
exactly harmonises with the lichen-covered stones 
among which it delights to sit, that a person may 
walk through a flock of them without seeing a 
single bird ; and when it changes to white in winter 
it is equally protected amid the snow which covers 
the mountains. A striking exception to the usual 
white covering of arctic animals is the Musk-sheep, 


or Musk-ox as it is often erroneously called. This 
animal is of a dark-brown colour, easily seen among 
the snow and the ice, but the reason of this is not 
difficult to explain. The Musk-sheep is gregarious, 
and derives its protection from this habit. A solitary 
strayed animal would soon become the prey of tlie 
polar bears or even of the arctic foxes ; it is 
therefore of more importance that it should see its 
comrades at a distance, and so be able to rejoin 
them, than that it should be concealed from its few 
enemies. Another case is that of the sable, which 
retains its rich brown fur throughout the severity 
of a Siberian winter, but at that season it frequents 
trees, feeding on fruits and berries, and is so active 
that it catches birds among the branches. Again, 
the common raven is found in the extreme arctic 
regions, but is always black ; and this is probably 
because it has no enemies, while, as it feeds on 
carrion, it does not need to be concealed from its 
prey. These three cases are exceedingly valuable 
from a theoretical i>oint of view, for they prove the 
incoiTectness of a common notion that animals may 
change to white in the arctic regions either from 
the dii'ect efiect of cold, or from some influence of 
the white reflections from the snow ; and they teach 
us that only those animals become white to whom 
that colour is useful, while those which either do 
not require protection or to whom dark colours are 
actually beneficial, remain totally unaffected. The 
cause of change must therefore be sought, not in 
the direct action of external conditions, but in the 
same geneml laws of variation and selection which 
have modified all the other characters of animals in 
the way most beneficial to them. 

Nocturnal animals offer equally good examples 
of protective colouring. Mice, rats, bats, and 
moles, are all of dusky or blackish hues, and 
are therefore very difficult to be seen at night; 
when alone they move about, while during the day 
they conceal themselves in holes or underground. 
When concealment by day as well as by night is 
required, as in the case of owls and goatsuckers, we 
find dusky mottled tints, assimilating with bark or 
earth during the day, and not very conspicuous at 
night. In some few cases nocturnal animals are 
conspicuous, a striking exam])le of which is the 
North American skunk, which has much white 
about it and a large white tail which it carries erect 
in the most conspicuous manner possible. But the 
horrible odour emitted by this animal makes it 
universally dreaded, and its conspicuous tail is thus 
a signal-flag to all carnivorous animals not to 
attack it — a parallel case, in fact, to the white moth. 
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whidi we have already seen was rcjjeoted by birds 
whidi eat so many other motha 

Equally striking as a proof that colour is laigely 
protective is the fact, that nowhere but among the 
evergreen forests of the tropical and sub-tropical 
zones do we meet with birds the ground-colour of 
whose plumage is green. Parrots, which are con- 
fined to such countries, are generally green, with 
small patches of vi vid colours. In the Eastern 
tropiosd islands many pigeons are as green as 
parrots, and there are numbei*8 of other groups 
which are of the same colour. Such are the 
barbets, a family of fruit-eating birds, especially 
abundant in tropical Asia ; the green bulbuls {PhyU 
lornithidce ) ; the Bee-eaters ; the Turacos of tropical 
Africa ; the little White-eyes {Zosteropa) of the 
eastern tropics ; and many other groups. These 
all fi*equent thick foliage, with which their colours 
so exactly harmonise that it is most difficult to 
detect them. 

Contrast these with the ordinary colouring of the 
birds of the region of deciduous trees, of which our 
own country is a fair example. Here anything 
approaching a pure green is unknown, while brown 
or olive is the almost universal body-colour of the 
plumage. This is the tint which is least conspicuous 
among the leafless trees and bushes, which prevail 
for so laige a part of the year, and when the need 
of protection is greatest. 

Among reptiles these protective tints are very 
apparent. Our lizards and snakes are all more 
or less brown or olive tinged, while in the tropics 
alone they are often of a vivid green, exactly cor- 
responding with the vegetation they dwell among. 
The curious geckos — ^flat lizards with dilated toes, 
which cling to the trunks of trees or to rocks — 
are often finely marbled with green and gi’ey, so as 
exactly to resemble the lichen-covered surface on 
which they cling. Some arboreal snakes of the 
genus Dipsos are, however, nocturnal ; and these, 
like all other nocturnal animals which require to 
be concealed, are of dusky colours, being of various 
shades of black, brown, and olive. 

Many fishes even, present clear examples of pro- 
tective colouring. Such as rest on the bottom, 
like the flounder, skate, sole, or Miller’s Thumb, 
ore invariably of the colour of the bottom, and 
often singularly speckled, so as to resemble sand 
or gravel. Such as swim near the surface of the 
water are almost always dark-bluish or greenish 
above, and white beneath, colours which evidently 
tend to their concealment from enemies in the air 
above them or in the water below. The bril- 


liantly-ooloured fishes from warm seas are many 
of them well concealed when surrounded by the 
brilliant sea-weeds, corals, sea-anemones, and other 
marine animals, which make the sea-bottom some* 
times resemble a fantastic flower-garden. The pipe- 
fish and sea-horses {Hippooampus) are excellent ex- 
amples of this style of colouring. Some of them 
are greenish, resembling floating sea-weed ; but in 
Australia there is a large species which is covered 
with curious leafy appendages, and all of a brilliant 
red colour, and this lives among red sea-weed, and 
is then perfectly concealed. 

It is, however, among tropical insects that the 
most perfect and wonderful cases of protection by 
colour and marking are to be found, and a very 
few examples of these must now be given. The 
best known and most celebrated are the leaf-insects 
of the genus Phyllivm — curious large insects, whose 
wings and wing-covers are broad and flat, shaped 
and veined exactly like leaves, while their legs, 
head, and thorax have all flat dilatations, like the 
stipules of many plants ; and the whole being of 
the exact green tint of the foliage of the plant 
they live on, it is actually impossible to detect 
them when they are not in motion. The walking- 
stick insects, or spectres, are equally curious. These 
are long cylindrical insects, often nearly a foot long, 
and of the exact colour of pieces of greenish or brown 
sticks. If they have wings, these fold up closely, 
and are concealed under wing-covera of the same 
stick-like appearance ; while tlie head and legs are 
so shaped and jointed as either to fit closely on to 
the stick-like body, or to appear like branched twigs. 
These creatures hang about shrubs in the forests, 
and can seldom be distinguished from small twigs 
and branches which have fallen from the trees 
overhead. They remain quite motionless during 
the day, and feed at night, and they hang anyhow 
across the foliage, holding on by two or three of 
their legs only, while the others are .closely fitted 
to the body, and they thus give themselves that 
unsymmetrical appearance which belongs to acci- 
dentally-broken twigs. A few of the species are 
still further protected by curious green, leafy ex- 
crescences all over the body, so as to look exactly 
like a piece of dead twig overgrown with a delicate 
moss. Such a one was brought to the present writer 
in Borneo by a Dyak, who assured him that moss 
had grown over the insect while alive, and it was 
only by very close examination that it could be 
discovered that the supposed moss was really part 
of the integument of the insect. 

Even among butterflies, whose gay colours seem 
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«nly adapted to render them oonspioaoua, there are which is exactly the shape o£ the tip <rf the leaf 

«qQally wonderftil examples of protective marking, of many tropical trees and shrubs ; while the 

It was first pointed out by Mr. T. W. Wood (to wings are produced into a short narrow tail, which 

whose skilful pencil we are indebted for the illus- well represents the stalk of a leaf. Between these 

trations to this paper) that our beautiful, little points runs a dark curved line, representing tlie 

Orange-tip butterfly {AtUhackovria eardamines, Fig. mid-rib, and from this radiate a few oblique mark- 

4), although so conspicuous when on the wing, ings for the veins of the leaf. The colour of the 

is perfectly concealed when resting in the evening under side of the wings closely imitates that of dead 

in its favourite position among the flower-heads leaves, but it varies almost infinitely through shades 

of the wood paraley (AnthrUeus sylveatriv). Its of bright yellow, reddish, ochre, brown, and ashy, 



Fig. 4.— The 0e4noi^xp BimBBPLT, 


under surface is beautifully mottled with white just as leaves vary in their different stages of drying 
knd green, which strikingly assimilate with the and decay. Even more remarkable is the manner 
white and green flower-heads of this plant. Much in which the diseases and decay of leaves are repre- 
more wonderful, however, and perhaps the most sented by powdei*ed dots and blotches, often gathered 
wonderful of all imitative insects, is the leaf- into little groups, so as to imitate in a most marvel- 
butterfly of India {Kallima inachUf Fig. 5). lous way the various fungi which attack decaying 
This is a rather large and handsome butterfly, leavea But to render the disguise effective, it is 
of a deep bluish colour, with a . broad orange necessary that the insect should assume the position 
band across the wings. It is thus sufficiently of a leaf, and this it does most perfectly. It always 
conspicuous ; but it flies very quickly, and in a settles on an upright twig or branch, holding on by 
zigzag manner, so as to be caught with great its fore legs, while its body (concealed between the 
d^o^ty. It is when at rest that it requires pro- lower maigins of the wings) rests against the stem 
tection, and this it obtains by its colour and mark- which the extremity of the tail, representing the 
ings on the under surface, and by its peculiar habits, stalk, just touches. The head and antennae are 
The upper wings have an acute lengthened apex, concealed between the front maigins of the wings. 
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and thus nothing is seen at a little distance but 
what appears to be a dead leaf still attached to 
the branch. Yet further, the creatui^ seems to 
have an instinct which leads it to prefer to rest 
among dead or decaying leaves, which are often 
very persistent on bushes in the tropical forests ; 
4Uid this combination of foi*m, colour, marking, 
habit, and instinct, produces a degree of conceal- 
ment which is perfectly starding. You see this 
gay butterfly careering along a forest path, and 


to detect it in repose, and are then more than ever 
amazed at the completeness of the deception, and 
at the same time profoundly impressed with the 
protection that must be afibrded by this wonderful 
disguise — a protection whose efiect is seen in the 
wide range and extreme abundance of the species. 

In this case, and in "that of the moss-covered 
stick-insect, we see the extreme perfection of imita- 
tive colouring; and we can only understand how 
this has been produced, by always keeping in 



Fig. 5 ,— Leaf Butterfly of India. 


suddenly rest upon a shrub not three yards from 
you. Approaching carefiilly, you look for it in 
vain, and you may often have to touch the branches 
before it will dart out from under your very eyes. 
Again you follow it, and mark the very branch on 
wliich it has seemed to rest ; but in vain you creep 
forward, and scan minutely every twig and leaf. 
You see nothing but foliage — some green, some 
brown and decaying — till the insect again starts 
foi*th, and you find that you have been actually 
gazing upon it without being able to see any dif- 
ference between it and the surrounding leaves. 
After repeated experiences of this kind, and know- 
ing exactly what to look for, you are able sometimes 


mind the very much more numerous cases of slight 
or partial protection by colour or marking. We 
can only now briefly indicate some of the steps by 
which such protection is brought about. 

None of the characters of animals are more 
variable than their colours, though this may appear 
doubtful when we look at the constant tints and 
markings of so many animals in a state of nature. 
There is, however, good reason to believe that even, 
in cases, these variations are constantly occurring, 
but, owing to the fact that the tint of each animal 
is useful to the species, all important deviations 
from it soon die out. Certain it is that almost 
every domesticated animal varies in colour, and 
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these varieties, not being hurtful as in a state of 
nature, are increased and multiplied without end. 
Now, if we suppose an animal to suffer from being 
too conspicuous, any variation of colour or mark- 
ing tending to make it less conspicuous will give 
it a better chance of life ; and as offspring tend to 
be like their parents, these less conspicuous varieties 
will often leave successors similarly endowed ; but 
these again varying, some among them will be still 
more protected ; and thus, the protective tints will 
tend to become more and more perfect in each suc- 
ceeding generation, till their enemies, finding the 
pursuit too difficult, will confine their attention 
chiefly to other species. Then there will be no 
more change till some new enemy appeal’s, when 
a further advance may take place till the pro- 
tection becomes sufficiently perfect to place our 
supposed animal in a slightly better position than 
its neighbours. 

It has been a difficulty to many persons to under- 
stand how such variations could explain the curioua 
cases of the Alpine hare, the ptarmigan, and many 
other animals which become white in winter 
only, when the ground is covered with snow and 
that colour serves as a protection. It has, however, 
been observed, ^that a slight seasonal change takes 


place in many animals. Thus, in Siberia, the wolf, 
the horse, the cow, the roe, elk, reindeer, and two 
kinds of antelope, all become paler in colour during 
winter. Now, if either of these species migrated 
northward, till it came to inhabit a country where 
the winter snow remained on the ground for half 
the year, varieties in which the seasonal change 
was more and more pronounced would have an 
advantage, and thus, in the course of many genera^ 
tions, an animal might be produced which changed 
colour as completely as do the arctic fox or the 
ptarmigan. 

We must now conclude this very brief outline of 
one of the most curious chapters in natural history. 
We have shown how varied and how widespread 
are protective colours among animals ; and, if we 
add to these the cases in which conspicuous colours 
are useful, sometimes to warn enemies from such 
as are distasteful or are possessed of dangerous 
weapons, at other times to aid wandering sj)ecies to 
recognise their companiorrS or to find their mates, 
we shall become satisfied that we have a clue to 
much of the varied coloration and singular mark- 
ings throughout the animal kingdom, which at first 
sight seem to have no purpose but variety and 
beauty. 


GREAT SEA REPTILES. 

By H. Alleynb Nicholson, M.D,, D.Sc., F.L.S., 
Regius Professor of Natural History in the Univtrrity of Aberdeen, 


I N a former aiiicle (Vol. I., p. 198) we gave some 
consideration to those ancient and extinct 
reptiles which were organised for flight, and are 
known to geologists as Pterodactyles ; and on the 
present occasion we propose to glance at some of 
the equally strange types of reptilian life which 
accompanied these forms. If we go back to that 
epoch of the earth’s history which geologists know 
as the Secondary Period, we find that at that time 
the great class of the Reptiles had attained its 
maximum of complexity. It was truly an ‘^Age 
of Reptiles.” Not only was the air tenanted by the 
weird and spectral Pterosaurs, but huge lizards, of 
forms now no longer represented, crawled uj)on the 
land, and the waters of the ocean swarmed with 
special and gigantic types of the same class. It is 
to these last that we intend to confine our attention 
at present. To study these, the reader must pay a 
visit to some good zoological collection, or, best of 
66 . 


all, to the long and richly-stored galleries of the 
geological department of the British Museum, where 
he will find ample material for the reconstruction 
of these old and monstrous forms of life, and will be 
able to obtain a clearer idea of their true characters 
than can be afforded by any mere description, 
There are not many places in this country where 
one could hope to collect the remains of these 
ancient reptiles for one’s self, and we must content 
ourselves here with the endeavour to obtain some 
general idea of their constroction and of their most 
important peculiarities. 

If we take the reptiles which are known to be in 
existence at the present moment, we find few of 
these, comparatively speaking, to be organised for a 
life in the water. Perhaps the most thoroughly 
aquatic of these are the great sea-turtles, the 
compressed bodies and flattened paddles of which 
enable them to make their way through the waters 
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of the sea with great power and velocity. The 
great mail-clad crocodiles and alligators of the 
warmer regions of the world are also largely 
denizens of the water. In their case, the chief 
organ of locomotion is the long, vertically-compressed 
tail, the animal being impelled through the water 
by the lashing of this formidable appendage from 
side to side. On the other hand, the limbs of the 
crocodile do not differ essentially in their structure 
from those of ordinary terrestrial animals. Thus, 
a glance at the accompanying drawing of the fore- 
foot of the crocodile (Fig. 1, a) will show us that 
all the five fingers are present, that they are distinct 
from one another, and that they have their usual 
form, there being no multiplication of the bones of 



which they are composed. The crocodile, in fact, 
uses its feet principally for the purpose of steering, 
and their efficiency for this purpose is greatly 
increased by the extension of a loose web or fold 
of the skin between the toes (Pig. 1, b). In this 
way the feet are enabled to greatly assist the animal 
in aquatic progression, at the same time that terres- 
trial locomotion is by no means entirely precluded, 
the proverbially awkward gait of the crocodile on 
land being due rather to the shortness of its legs 
and the great comparative length and weight of the 
body than to the actual confoimation of the feet 


Not only are the crocodiles thus amphibious,” in 
the sense that they can either walk upon the earth 
or frequent its waters at their pleasure, but we may 
also lemember that they are principally — indeed, 
essentially — ^frequenters of the fresh waters of the 
1 ‘egions in which they are now found. They do 
extend their range to the mouths of rivers, but 
none of the now existing foims of crocodiles and 
alligators can in any stiict or proper sense be spoken 
of as ma/rim animals. 

In addition, however, to the familiar turtles, we 
have one other group of reptiles which really can 
be said with propriety to comprise frequenters of 
the sea — namely, the group of the true Sea-Snakes. 
Under this head, it is hardly necessary to say, we 
do not include that apocryphal and mysterious 
animal popularly known as the “ Great Sea-Serpent,” 
the existence of which at all is open to the gravest 
doubts. On the controry, the real sea-serpents are 

in all respects similar to the ordinary snakes, 

except that their tails are flattened and verti- 
cally compi'essed, enabling them to swim with 
great ease and speed through the waters of the sea. 
They are found only in warm seas, and they are by 
no means remarkable in point of size ; wliile they 
resemble the turtles in the fact that they betake 
themselves to the shore for the purpose of laying 
their eggs. 

Upon the whole, then, wo have comparatively 
few reptiles now living which habitually inhabit a 
watery medium, and of these only a portion can be 
said to belong strictly to the fauna of the sea. If, 
however, we trace our steps backwards through the 
long ages of the past, till we reach the earlier 
portion of the Secondary period of geology, we 
should find a very different state of matters. At 
that time, the ancient Briton, had such existed, 
would have been confronted with a wide expanse 
of ocean covering what are now the fair green fields 
and undulating plains of South-Western and Central 
England. The old coast-line must have run, roughly 
speaking, pretty much in the direction of a line 
drawn from the coast of Dorsetshire to Hartlepool, 
and to the south-west of this all was open sea 
though probably of no great depth. And what a 
sea for a naturalist to explore ! There is plenty to 
interest the observer in the animals of our own seas 
at the present day ; but one would give much to 
have had the privilege of living for a few di^ys 
upon the shores of the south-west of England, at 
the tune when the old Liassic cliffs of Lyme Regis 
^and Oharmouth were in process of formation, 
fathoms deep below the blue waters of the sea 
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Such an experience, however, would not have been 
without it8 dangers as well as its pleasures, and 
the most serious of the former would have been due 
to the presence of the h^ and formidable sea- 
reptiles which swarmed round the shores of Old 
England at the time of which we are speaking. 
Some of these were great mailed crocodiles, differing 
little from the modem Gavial, except that they 
were organised for an habitual sojourn in the sea ; 
but the most interesting and the most important 
are the sti-ange extinct types known as the 
IMiyoBawruB and Pleaiosaurusj to which we may 
devote our consideration in the meanwhile. 

The Ichthyosawrua was first brought under the 
notice of the scientific world, in such a manner that 
its structure could be at all completely understood, 
by Miss Mary Aiming, of Lyme Regis, to whose 
long-continued and unwearied exertions geologists 
are indebted for their knowledge of various other 
old forms of life. The different species varied 
much in size, but the larger ones were over thirty 
feet in length, ponderously and powerfully con- 
structed, and more fully adapted for a life in the 
water than is the case with any reptiles now existing. 
From the accompanying engraving of the skeleton 
of the Ichthyosaurus (Pig. 2), it will be seen at 


imparting to this j’egion of the body an amount 
and jjower of movement which would be useless 
or injurious to an animal living upon land, but 
which is highly advantageous to those inhabiting 
water. On the other hand, there is no trace in 
the Ichthyosaur of anything of the nature of the 
scales^ which are so characteristic of the majority of 
fishes. It is quite certain that had any such 
structures ever existed, we should ere now liavo 
found unmistakable proofs of their existence ; and 
we are therefore justified in concluding that the 
skin of these ancient reptiles was smooth and naked, 
like that of the ordinary porpoises and dolphinn, 
rather than that of most of the fishes or of the 
living reptiles. 

The organs of locomotion of the Ichthyosaur, 
also, differed gi*eatly from those of any known fish 
or reptile. The principal organ of locomotion was 
probably the long and powerful tail, to the hinder 
end of which, there is reason to believe, an expan- 
sion of the integument must have been attached, 
constituting a kind of tail-tin. It is true we have 
no direct evidence of the existence of such an organ, 
but our great palaeontologist. Professor Owen, long 
ago drew attention to a curious indirect proof of 
the presence of such a fin. He showed, namely, 



Fig. 2.— Skeleton of Ichthyosaurus communis, as restorrd by Conybeore and Cuvier. 
(Greatly reduced in Size,) 


once to what extent the general form of the body is 
like that of a fish. This is especially seen in the 
almost total absence of a neck, in the popular sense 
of the term, though this region of the body is 
anatomically present, as well as in the long and 
tapering hinder end of the body. The different 
bones (the ‘Wertebrse”) of th6 back-bone are also 
fish-like, in the fact that they are deeply hollowed 
out on both sides, thus becoming biconcave. A 
glance at the back-bone of any ordinary fish will 
show that its component pieces are similarly bi- 
concave ; and the result of this peculiar structure is 
obvious. In the living fish, the cavities between 
tJbe Bucoessive vertebras are filled with a soft, 
gelatinous substance, and in this way there is 
formed a succession of loose ball-and-socket joints 
between the different bones of the spine, thus 


that the back-bone of the skeletons of Ichthyosaurs, 
as they lay imbedded in the rocks, was very often 
found to be dislocated at a point distant about one- 
third of the total length from the extromity ; and 
he inferred, with much probability, that this 
commonly-occurring displacement of the bones was 
due to the presence of a broad and heavy tail-fin, 
the weight of which would be sufficient to break the 
continuity of the spine at this point, as the carcase 
floated at the surface of the sea. That we should 
not have been able to detect any actual remains of 
such a fin in the fossils is easy enough to under- 
stand, since it must have consisted of nothing more 
than gristle or fibrous tissue, and it could have 
contained no bones capable of preservation in a 
fossil state. In this respect it must have agreed 
with the tail-fin of the living whales and dolphins, 
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from which it probably differed in being vertically 
extended, as is the case with the tail of the fishes. 

While the tail, with its terminal integumentairy 
expansion, must have been the principal organ of 
locomotion in the Ichthyosaur, the limbs were at 
the same time wonderfully modified to officiate as 
organs of aquatic progression. Both the fore and 
the hind limbs were present (Fig. 2), and both 
have undergone a singular alteration, by which 
they are turned into broad swimming-paddles, 
resembling in some respects the flippers ” of the 
whales and dolphins. If we take the arm and 
hand of the Ichthyosaur as illustrating this peculiar 
change, we see that the bones of the upper arm 
and fore-arm (Fig. 3, e and f g) are extraordinarily 


shortened, while the two latter are followed by a 
great series of short, squarish, or polygonal bones, 
which are placed in closely approximated rows, and 
which together form a broad, flattened paddle, admi- 
rably adapted for steering the great reptile through 
the water. The uppermost of these short bones 
represent the bones of the wrist, while those which 
forai the free exti’emity of the paddle represent 
the bones of the fingers. We thus see, from 
an inspection of the drawing here given 
(Fig. 3), that the bones of the fingers are 
greatly increased in number, when compared 
with what we see in any ordinary case — as, 
for example, in the hand of the crocodile (see 
Fig. 1, a). There is also the peculiarity that 
the normal number of five fingers is appa- 
rently exceeded, this being due to the addition 
of supernumerary rows of short bones on the sides 
of the jiaddlea If we compare the swimming- 
paddle thus formed with the ^‘flipper” of the 
whales and dolphins (see Fig. 6, b), it is easy to 
see that there is a general similarity in their mode 
of construction, though the fingers in the latter 


are not closely approximated, and there are no 
supernumerary rows of bones. The hind limbs of 
the Ichthyosaur ai^ built upon the same plan as 
the fore limbs, and similarly form flattened swim- 
ming-paddles, the general appearance of which 
during life must have closely resembled that of the 
flippers ” of the whales and dolphins, the bones 
being similarly inclosed in a general covering of 
the integument, and there being no external and 
visible evidence of the existence of separate fingers. 
There is, however, ground for thinking that the 
integument in the Ichthyosaur was extended to 
some distance beyond the edge of the paddles as a 
bi*oad fringe. 

Leaving the organs of locomotion, let us look 
next at the huge skull of the 
Ichthyosaur (Fig. 4), and the 
first thing that strikes us is 
the great comparative length 
of the jaws, which are pro- 
longel into an extended 
snout, sometimes five or six 
feet in length, and have their 
edges set with numerous 
sharp, conical, and pointed 
teeth. These foimidable 
weapons of offence and de- 
fence resemble in general 
points the teeth of the 
crocodiles, and each, as worn 
out, is succeeded by a young tooth, which is 
concealed in the substance of the jaw above its 
root ; but tlieir crowns are furrowed, and instead 
of being fixed in separate sockets, they are sunk in 
a long and continuous groove. Next to the jaws, 
the most noticeable point about the skull of the 
Ichthyosaur is the gi'eat size of the orbits, or the 
bony chaml»ers in which the eyes were contained. 


Fig. 4 —Skull of the Ichthjoiaiir. 

(0) Orbit, with the Circle of Sclerotic Plates; (h) KostrlL 

Not only is the orbit of immense size — sometimes 
over a foot in diameter — but there is the curious 
feature that the globe of the eye was strengthened 
by a circle of bony plates situated in the fibrous 
n^embrane (the “sclerotic”) which incloses the 
actual apparatus of vision (Fig. 4, o). These bony 



{a, bf c, d) Bones of the Shoulder-Oirdle ; (c) Bdoe of the Upper Arm : C/and g) Bones of the Fore-arm, 
followed by the Bones of the wrist and Fingers. 
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plates are often preserved in a fossil condition, 
and from the size of the central aperture which 
they inclose, we may form some idea of tlie size of 
the pupil of the eye, and are enabled to judge that 
this must have been of large size, enabling the animal 
to see in the dusk. Similar bony plates are found 
in the fibrous coat of the eye in birds, and one 
important function that they discharge is to protect 
the eye from pressure, as the animal alters the 
density of the medium by which it is surrounded, 
by altering its position in space. Hence, it is 
probable that these bony plates served to protect 
the eye of the Ichthyosaur from the distorting 
efiect of pressure as it dived below the surface of 
the water. 

J list in front of the orbits are placed the apertures 
of the nostrils (Fig. 4, n), which are thus situated 
comparatively far back, and not at the end of the 
snout, as in the crocodiles. Being a genuine 
reptile, the Ichthyosaur was, of course, an air- 
breathing animal, and, therefore, it can only be,' 
said to be an inhabitant of the water in the same 
sense that the seals and whales are so also. It 
was in the water, but not of it. From the great 
comparative size of the cavities of the chest and 
abdomen we may infer that it could take in an 
exceptionally large supply of air, and, being a cold- 
blooded animal, might thus remain under water 
for an exceptionally long period of time ; but it is 
certain that it must have been obliged to come to 
the surface at intervals for fresh supplies of air. 

The points which we have now briefly glanced at 
as to the construction of the bony framework of 
the Ichthyosaur, have given us a tolerably clear 
idea as to the general form and habits of these great 
Secondary reptiles ; but we may advantageously 
summarise some of these. From the general 
structure of the skeleton, and especially of the 
limbs, it is quite certain that the Ichthyosaur was 
an habitual denizen of water; and that it lived 
regularly in the sea, and not in lakes and rivers 
is shown conclusively by the constant association of 
its bones with the remains of sett shell-fish and other 
unquestionably marine animals. Like the living 
turtles and sea-snakes, it doubtless sought the 
shore for the purpose of laying its eggs; and though 
its swimming-paddles cannot have been specially 
adapted for supporting such a long and unwieldy 
carcase upon the dry land, it can hardly have been 
worse off in this respect than are our modern 
turtles. That the Ichthyosaur kept principally to 
the open sea seems Tprobable from the great develop- 
ment of the apparatus of locomotion : while the 


presence of a ring of bony plates in the outer 
covering of the eye would appear to indicate a 
habit of diving to considerable depths, the principal 
use of such a structure being, as already stated, to 
protect the eye from increased pressure from with- 
out, and thus to preserve the power of vision when 
the animal was below the surface. That it sought 
its food principally in the twilight or at night is 
rendered probable by the enormous size of the eye, 
which would be unnecessary in an animal habitually 
active by day ; while the fact of its having lived 
upon other animals is sufficiently proved by the 
wide gape, the lengthy jaws, and the long rows of 
conical and pointed teeth. If, indeed, the nature 
of its dental apparatus had left us in the slightest 
doubt upon this point, we should have been fur- 
nished with conclusive proof of the carnivorous 
habits of the Ichthyosaur by an examination of ihe 
petrified contents of their intestines, which have 
been often preserved in the rocks, and are familiar 
to geologists under the name of ** coprolites.” These 
singular fossils not only contain a notable amount 
of phosphate of lime, indicating that they are largely 
made up of the comminuted bones of vertebmte 
animals, but they not uncommonly exhibit the 
undigested scales and bones of fishes. Prom the 
occurrence, in fact, of the bones of a small Ichthyo- 
saur within the ribs of a large example of this 
species. Dr. Buckland was led to conclude that these 
reptiles did not confine their ravages to their piscine 
companions, but that they sometimes turned their 
attention to the weaker and more diminutive in- 
dividuals of their own kind. 

Leaving the Ichthyosaur, let us now look for a 
moment at its common companion, the curious and 
gigantic reptile known as the PUsiosauriLa, That 
this extinct type of reptilian life was essentially 
marine, is known by evidence the same in chaiacter, 
and equally conclusive, as that which enabled us to 
determine the habits of the Ichthyosaur, And 
yet, with a wonderful similarity in some points of 
construction, there is a wide difference between 
these two ancient forms. That the Plesiosaur was 
aquatic in its mode of life could be safely inferred 
by the structure of its limbs, even if we were wth- 
out any other evidence upon the subject. Both the 
fore and hind limbs are present, and both are con- 
verted into flattened swimming-paddles (Fig. 6), 
this of itself being sufficient proof that their pos- 
sessor lived principally in the water, and that its 
visits to the dry land were of a merely occasional 
and temporary character. There is, however, con- 
siderable difference between the swimming-paddles 
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of the Plesiosaur and those of the Ichthyosaur; 
and the former makes a much nearer approach in 
this respect to the structure of the “flippers” of 
the whales and dolphins than is the case with the 
latter. The bones of the upper arm and of the 
fore-arm (Mg. 6, e and / jji) are in all similarly 
shortened ; and the bones of the wmt and of the 


seem to have exceeded eighteen or twenty feet in 
length — ^the swimming-paddles of the Plesiosaur 
are longer and more powerful than in the Ichthyo- 
saur. On looking at the skeletons of these two 
reptiles, and comparing them with one another, we 
shall at once discover an obvioiu reason for this 
difierenoe. In the Ichthyosaur, as we have seen. 



Fig. 5.— Skeleton of PUsiotaurua doli6hodeWu$t ai restored by Conjbcare. 


fingers are arranged in a parallel series of short 
pieces. In the Plesiosaur, however, though there 
is an increase in the number of the bones which 
make up the fingera, the normal number of five 
fingers is preserved, there being no rows of super- 
numerary bones ; while there is no longer the close 



Fig^. 6. ~fA) Paddle of the PlesloMtnr ; (b) Bones of the ** Flipper 
- - — (/and g) Bones cS the 

approximation and practical union of the digits so 
characteristic of the Ichthyosaur. Compared, how- 
ever, with the size of the body — ^which does not 


the neck is excessively short, and the hinder end of 
the body was greatly lengthened out, and must un- 
questionably have constituted the principal organ 
of progression through the water. In the Plesio- 
saur, on the other hand, the tail is exti’emely short, 
and its functions, as an organ of locomotion, must 
have been relegated to the paddles, while it can 
hardly itself have subserved any further purpose 
than that of directing the course of the animal 
through tlie water. Far otherwise is thve condition 
of the neck of the Plesiosaur, as compared with 
that of its more bulky associate. In the latter, 
during life, the head must have been continued into 
the body with as little apparent constriction or line 
of demarcation as we now observe in the fishes or 
in the whales. In the Plesiosaur, on the contrary, 
there was an exceptionally long and flexible neck, 
composed of from twenty to forty seimrate bones, 
and reminding one of the neck of a bird ; leading 
us, in fact, to conclude that “ it swam near or upon 
the surface, arching back its long neck like a swan, 
and occasionally darting it down at the fish which 
happened to float within its reach.” 

That the Plesiosaur was marine in its habits, as 
before remarked, is quite certain ; but its less com- 
plete adaptation to a watery medium than was the 
case with the Ichthyosaur is shown, among other 
proofs, by the fact that the separate pieces, or 
vertebrae ” which compose the back-bone are not 
deeply cupped or biconcave, as well as by the 
genend conformation of the skeleton. It was 
probably, therefore, rather a frequenter of shallow 
water, near to the shore, than a denizen of the 
open ocean. It must, also, have been less conspi- 
onously predaceous than the Ichthyosaur, and must 
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have lived principally upon the fishes of the seas 
vrliich it inhabited. This is shown by the compara- 
tively small size of its skull, the much shorter and 
weaker jaws, and the diminution of the number of 
the long and pointed teeth. The orbits, lastly, are 
of moderate dimensions, and there is no ring of 
bony plates developed in the fibrous covering of 
the eye ; these facts justifying us in the belief that 


great and elastic dass— types which may with some 
reason be regarded as the truest realisation which 
we are ever likely to have of the popular idea of 
the “ Great Sea-Serpent,” though in themselves they 
were not genuine relatives of the snakes j while 
throughout the long-continued period of Secondary 
time the dry land bore its crop of strange reptiles, 
unlike any that we have now, and yet not wholly 



Fis. 7 .— Flesiosaubub akd IcBTSTOSiTTBin. {SMmd,) 


the animal sought its food by day, and that it was 
not in the habit of diving to any considerable depth. 

Space will not permit of our further dilating upon 
these ancient and wonderfully constructed inhabit- 
ants of the sea (Kg. 7), but we have neither ex- 
hausted the peculiarities of these, nor reached the end 
of the long catalogue of the extinct reptiles of the 
Secondary period. When the white cliffs of Dover 
were still beneath the waters of the ocean, we meet 
with other equally marvellous marine types of this 


unlike. Some of these are of types so unlike any 
now in existence, that their position in the animal 
scale could not be safely decided by the isolated 
relics by which alone we now know them, but can 
only be inferred from a comparison with otlier tran- 
sitional groupa Others, again, belong to orders of 
which we still possess many living representatives. 
All alike are of quite exce 2 )tional interest to the 
pure zoologist or geologist, and still more to those 
who uphold the prevalent doctrine of evolution. 
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Pig. 1 .— Shooting Stabs. 


SHOOTING STARS. 

By W. F. Denning, F.R.A.S. 


I F a person will watch the sky on any evening of 
ordinary clearness, when the stars are shining 
with some brilliancy, he will observe one or more 
luminous objects in rapid motion amongst the con- 
stellations. . These shooting stars,” as they are 
called, often attract the attention of the most 
casual observer, either by their frequency or splen- 
dour. The suddenness of their appearance, the 
bright light they sometimes throw over the land- 
scape, the rapidity with which they travel athwart 
the sky, occasion surprise; and as the observer’s 
eye still lingers on the place of apparition his 
interest is excited, and questions arise in his mind 
as to the origin and nature of these remarkable 
bodiea Whence do they come 1 Whither do they 
got What are their magnitudes, distances, and 
velocities 1 If he pursue his observations with any 
diligence, he will have noticed that they are visible 
on &verp clear evening ; and that, as sure as the dark- 
ness comes on and the constellations begin to show, 
so sure do these falling stars manifest themselves, 
darting here and there, and exhibiting many at- 
tractive featui’es in their unceasing activity. They 
present every variety of speed and appearance. 
Some glide along the sky with a slow and stately 
motion, remaining visible for several seconds, and 


allow their paths to be conveniently traced. Others 
are seen to move in extremely quick and transient 
courses, like flashing i*ays of light. Some sj^eed 
along in star-like aspect, devoid of trains or sparks, 
while others will be seen to leave in their tracks 
phosphoric lines or streaks, perceptible for some 
seconds, and distinctly marking the direction of 
the paths. A few will be noted to move apparently 
upwards in the sky, and there will be others with 
nearly horizontal courses ; and many will be de- 
scending in oblique and vertical paths towards the 
horizon. Our observer, as he attentively views 
tlieir irregular and complicated motions, will be 
impressed that these objects are not following any 
laws capable of being reduced to the same harmony 
as pervades the solar system ; but he will have 
formed a wrong idea, for there can be no doubt 
that they are beginning to be as well understood 
in their motions and appearances as celestial objects 
which have been observed from the oarliest ages. 

By persistent observations, made night after night 
and year after year, it was found that shooting stars 
diverged from certain definite points in the sky. 
Tracing the observed paths back in the same direc- 
tion of motion, it was discovered that they inter- 
sected at a focus, known as the radumt povnJb. This 
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was especially noticed on certain nights in August 
and November, when meteors were seen in great 
abundance. No matter in what region of the 
heavens the meteors ap|)eared, they were all di- 
rected from the same part of space, and exhibited 
many features in common. They converged, like 
the spokes of a wheel, upon a common centre (Fig. 
2). In 1799, on the night of the 1 1th of November, 



Fi{?. 2.— Badiant Point of Shootingr Btan. 

Humboldt, and his fellow-traveller Boiipland, wit- 
nessed a great fall of meteors; and in 1833, on the 
13th of November, the phenomenon recurred with 
much splendour, when it was remarked that the 
vast majority of the meteors had the same point 
of departure in Leo, near the star gamma of that 
constellation. It was therefore suggested that they 
belonged to the same system, and occurred periodi- 
cally at intervals of about thirty-three years, which 
more recent observations have fully borne out ; for 
on the 13th of November, 1806, there was another 
brilliant display of meteors. In August, too, on 
the night of the lObh, a large number of these 
objects had often been observed. Their apparition 
on St. Lawrence’s Day caused them to be known as 
St. Lawrence’s Tears and it was remarked that 
in this case the point of departure was in Perseus, 
and that the phenomenon returned every year with 
much regularity and intensity : in this respect differ- 
ing from the falling stars of November, which seemed 
to be more periodical in character. Another meteor 
shower of great intensity was witnessed on the 7th 
of December, 1798, and on the 6th of December, 
1838, and the members of these several systems 
were designated after the constellations from which 

67 


they emanated. The August meteors are now fami- 
liaidy known as Perseidsy the November meteors 
as Leonidsy and the meteors of 1798 and 1838 as 
Andr(mBde8, 

As observers began to pay more attention to this 
subject, it was soon found that, in addition to these 
rich meteoric displays just mentioned, many other 
systems of a like nature were manifested, though of 
minor importance. Star showers of more than usual 
significance had been recorded on the nights of 
January 2nd, April 20th, October 19th, and De- 
cember 12tb ; and as observations fuiiiher accumu- 
lated, it was sought to explain the apj)arition of 
these singular objects. Many facts about them 
tended to puzzle theorists, who had very scanty 
materials to work upon. When Heis, in 1833, 
began systematically to observe and record the 
directions of shooting stars, he entered into an 
entirely new field of research. Before his time 
they were seen in a vague, careless way, and seldom 
recorded with any fulness or accuracy. They were 
considered to be purely atmospheric phenomena, 
and of little importance. It is, therefore, not to 
be wondered at that the ideas prevailing were of 
the most cinde and uncertain nature. Some imagined 
that they had their origin in phosphoric fluids, which 
ascended from the earth’s surface at various points, 
and became visible when, having become decomposed 
in the higher regions, they had taken fire, and the 
ignition extended itself rapidly backwards to other 
parts of the column, until it came to a moisture- 
laden current, which extinguished it. It was further 
sought to establish a connection between these fall- 
ing stars and gales of wind, for there are passages 
in old writers showing the idea to have been very 
prevalent. Another theory, which also had a section 
of adherents, ascribed a lunar origin to aerolites and 
meteors. They were said to be ejections from the 
volcanoes in the moon, and that occasionally coming 
within the sphere of the earth’s attraction, they were 
diuwn towards her surface. But these ideas gradu- 
ally gave way to the more reasonable hypothesis 
that they were of celestial origin, and revolved in 
orbits around the sun as a centre. To account for 
their luminous appearance, it was suggested that 
on entering the earth’s atmosphere, as would fre- 
quently be the case when the two orbits intersected, 
the concussion was so great as to ignite their com- 
bustible materials, and they were wholly consumed 
before reaching the earth’s surface. The smaller 
class of these bodies would, no doubt, be soon dissi- 
pated in the upper regions of the atmosphere ; but 
it was thought doubtful that the ordinary shooting 
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stars belonged to the same oixler as the large meteors 
and fire-balls, and required the same explanation. 

Our knowledge in this branch was, however, 
most unsatisfactory, when, in 1833, and for several 
years at about that period, there occurred a succes- 
sion of remarkably fine meteoric showers, which 
excited the interest of all ordinary gazers, and, what 
was of more importance, diverted the attention of 
astronomers from other subjects. Professor Olm- 
sted witnessed the bright display of 1833 in 
America, and was led to collect observations made 
at many parts with the view to throw some light 
on the subject of these falling stars. His investi- 
gations led him to infer that they had their origin 
beyond the limits of our atmosphere, because the 
point of the sky from which they fell moved with the 
stars. If the meteors had their origin witliin the at- 
mosphere, they must have been carried along with 
the earth in its diurnal rotation. He also concluded 
that the meteors were combustible bodies, consti- 
tuted of light and transparent materials, and said 
that when massed together they formed a body 
bearing a strong analogy to a comet. From this 
he was led to ask whether the meteor shower was 
caused by a comet which chanced at the time to 
be pursuing its path along with the eaiiih around 
their common centre of motion.” Eecent re- 
searches now enable this question to be answered 
in the affirmative, for the periodicity and appear- 
ances of shooting stars show they are closely allied 
to comets, and form a number of elliptical orbits 
or rings revolving around the sun. An actual 
identity was found between the orbits of several 
comets and meteor showers. The eminent Italian 
astronomer, Schiaparelli, showed that the August 
meteors were directed from a point in the heavens 
at which the earth encountered the third comet of 
1862. The elements of the two were almost coinci- 
dent; and it was soon afterwards pointed out by 
Dr. Peters that the November meteors corresponded 
with the first comet of 1866. These important 
discoveries lent a new interest to the subject, for 
they put beyond doubt what had for a long time 
perplexed astronomers. They had proved that 
shooting stars played an important part in astrono- 
mical physics, coming, in fact, from the interstellai* 
regions, and forming the material constitution oi 
comets. Though extremely small, they exist in 
planetary space in vast multitudes, and compensate 
for their smallness of size by their great numbers. 
The original cometary systems from which they are 
distributed would appear to be in process of 
dissipation, or wasting away, for it is impossible to 


conceive that a body will not suffer diminution when 
it casts off such a large number of its atoms as fell 
towards the earth during, say, the great meteoric 
shower of November 27th, 1872. But such a 
process must be very gradual ; for though, to our 
conception, the number of meteors that fall is vast 
indeed, yet it is trifling when compared to the 
illimitable supply of the parent systems, and the 
density with which they are found scattered over a 
long range of their orbits. Thus, in the case of 
BieWs periodical comet, which supplied us with the 
fine meteoric displays of 1798, 1838, and 1872, it 
is certain that for at least 600,000,000 of miles 
along the orbit the particles are extended in rich 
profusion, and sufficient to give a display of much 
splendour whenever the earth encountei*s it. Pro- 
fessor Kirkwood has pointed out that in 1838 the 
earth intersected a part of the comet’s orbit, fully 
300,000,000 of miles in advance of the nucleus, 
and in 1872 the earth was immersed in the rear 
some 200,000,000 of miles. 

It is evident, therefore, that if at a point so dis- 
tant from the real body of the comet the particles 
are so thickly strewn as to present showers of con- 
sideiable intensity, we might expect, in the event 
of the earth’s collision with the actual nucleus of a 
comet, a meteoric display or illumination far 
beyond the experience of anything recorded in our 
annals. The heavens would be alive with the 
swarming and seething of a vast host of falling 
stars chasing each other in densely packed ranks, 
and exhibiting a parallelism of motion most beauti- 
ful to behold. Fire-balls of gi’eat size and mre 
brilliancy would be mingled with a thick rain of 
meteoric dust, suffusing the whole sky. Near the 
point of space from whence they came, a number of 
stationary meteors, like transient stars, would be 
seen ; while in a circular area, a few degrees distant, 
a fringe of meteors would appear with very short 
paths. Farther off, and in regions removed from 
the radiant point, none would be seen but those 
with long, graceful courses ; and these would exhibit 
greater speed than the rest, and generally be more 
conspicuous. Never more than on an occasion like 
this should we be thankful for the protection 
afforded us by our atmosphere, which would be 
certain to act as an impenetrable shield, and destroy 
by combustion the meteor particles as fast as they 
came on. Evidently, therefore, the earth could 
suffer little in an encounter with a comet; the 
latter would be certain to get the worst of it. Not 
pnly would the comet experience a considemble loss 
of its materials, but its path must be greatly affected 
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by the earth’s powerful attraction, and henoeior- 
ward it would pursue a new orbit ; for we know 
that oometaiy motions are much liable to perturba- 
tions if they approach near a planet. Jupiter is a 
frequent disturber of cometary orbits, for his great 
mass cannot fail to exercise itself strongly upon the 
light and thin materials of their composition. But 
though the earth has never yet been known to 
meet with a comet, the great meteoric storms that 
have sometimes been witnessed were signs that 
a comet was not far off. There is, however, nothing 
impossible in such an encounter, though it is highly 
improbable; and some alarm was created in 1832, 
when it was announced that the nucleus of Biela’s 
comet passed within 20,000 miles of the earth at a 
point which the earth would occupy on the 3rd of 


I 



Pig. 3.-Meteor of Nov. 12, 1861. {Wehb.) 

December in that year : but the comet arrived at 
the place about a month before the critical date, 
and hence a collision was avoided. 

It has been stated that certain of the principal 
meteor showers agree in the most conclusive manner 
with the orbits of periodical comets. This is the 
case in regard to the meteors of April 20, August 
10, and November 13 and 27. But it must not be 
assumed, therefore, that all the phenomena of falling 
stars are to be explained at once on the same 
grounds. Certain anomalies have been pointed out, 
which render it difficult to harmonise theory with 
observation. In the cases alluded to, not even the 
most sceptical would fail to admit the wonderful 


agreement in the meteor and comet orbits, and 
must accept the identity as beyond question; 
but in a vast number of other instances no such 
excellent coincidences are to be met with. The 
observed duration of many showers is far beyond 
the limits assigned to them by theory. Those who 
have worked most diligently in the department of 
observation affirm that some of these meteor sys- 
tems continue visible for a month and more. In 
some cases, indeed, the time extends over two 
months, and even beyond that occasionally. Now, 
it is certain that a meteor shower brought about by 
the intersection of the earth and a comet’s path 
can last only a few days (except in a special case, 
when the duration may be longer), and that there 
will be a short period of maximum intensity. The 
earth in her orbit travels over about one and a half 
millions of miles in a day, and hence must very 
soon make her passage through the meteor stream, 
unless it has far wider proportions than is con- 
sidered probable. In the case of the several systems 
specially referred to as agreeing with comets, the 
shower of meteors is of very short endurance, and 
seldom exceeds one or two nights in its real in- 
tensity. They conform precisely to what theory 
teaches. But how shall we explain in the same way 
a meteor shower continued during two months? 
Obviously the observations are false, or theory re- 
quires modification. The difficulty may, to some 
extent, be got over if it is gi’anted that these 
meteor streams have each become scattered, or 
widened out, over a vast space by the annual 
effects of the earth’s attraction as she sweeps through 
them. This having been going on for many ages, 
it is probable that they must suffer considerable 
distortion ; and if this is what has actually taken 
place, without any material displacement of the 
radiant points, we can understand how these long- 
continued showers have their origin. At present, 
it has been attempted to account for them on the 
supposition that each one consists of several distinct 
systems succeeding each other from the same direc- 
tions, but the explanation is untenable in the face 
of the numerous and exact obseiwations supporting 
a contrary view. Meteors are often seen coming 
from the same points in the sky for two months, 
almost without apparent cessation, and it is only 
fair to conclude that they are in some manner con- 
nected together. If our present ideas as to the 
nature of meteor orbits cannot explain, then they 
must be remodelled on the basis of observed facts. 
It will never do to make observation subservient to 
theory, or we shall have a bad pi’ecedent, and one 
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which can only tend to stultify original research. 
Our knowledge in this department is admittedly 
very recent and incompleta We must continue for 
many years to gather materials, taking as little as 
possible for granted, and bearing in mind that there 
is great variety displayed throughout the planetary 
system, and that in the great assemblage of meteor 
swarms enveloping the earth we may find many 
varieties of orbit and origin. There may be terres- 
trial meteor rings that have an analogy with the 
zodiacal light. The planets Jupiter and Uranus 
have each their families of comets, and it is possible 
that the earth is attended by a number of the same 
bodies, the scattered and attenuated nature of 
which place them beyond the range of visibility. 
Evidently, we have much to learn about these 
shooting stars and about their allied comets ; and he 
is wise who works and waits, without a too hasty 
assumption of knowledge that we do not possess, or 
a too ready broaching of theories based on insuffi- 
cient materials. 

It was long known, before the fact of a connec- 
tion with comets was ascertained, that shooting 
stara moved with planetary velocity, and that 
their average height above the earth^s surface 
was less than 100 miles. The same meteoi's were 
occasionally observed at two different stations, and 
the {)aths, when compared, showed a large displace- 
ment or parallax, and tlie amount of this afforded a 
ready means of calculating the meteor’s height 
above the earth, the actual distance (forming the 
base line) separating the two observers being known. 
Brandes found, as early as 1823, that of 100 shooting 
stars seen, twenty-two had an elevation of between 
twenty-four and forty miles, thirty-five between forty 
and fifty miles, and thirteen between seventy and 
eighty miles. Of sixty-six shooting stars recorded 
in August, 1863-71, Professor Herschel determined 
the average heights as seventy-eight miles at first 
appearance, and fifty-three miles at disappearance, 
giving an elevation of sixty-five and a half miles at 
mid course. The velocity of a similar number of 
meteors he found had an average of thirty-four and 
a half miles per second. Heis’s work, embracing a 
summary and analysis of forty-three years’ observa- 
tions, gives the heights of 262 shooting stars. The 
largest number first became visible at sixty-seven 
miles, and disappeared at forty-four miles. The 
several results show differences, but it must be re- 
membered that these bodies vary a good deal in 
their heights and velocities. The latter element 
depends upon the position of the meteor orbit with 
respect to the earth at the time of intersection. If 


the meteors are coming directly f^m that point 
towards which the earth is moving in her orbit it 
is evident that they will be of extreme swiftness, 
because their orbital speed is increased by the 
earth’s, which corresponds to eighteen and a quarter 
miles per second. The Leonids of November nearly 
fulfil this condition, and their calculated speed is 
forty-four miles a second. On the other hand, 
meteors coming from a stream pursuing a similar 
course to the earth will be characterised by slow- 
ness of motion, because they have to overtake the 
earth, and their orbital velocity is lessened by the 
amount of the earth’s velocity to the extent before 
mentioned. The Ayidroniedes (or meteors of Biela’s 
comet), visible on November 27, partake of the latter 
class; hence their calculated speed is only twelve 
miles per second. Thus it is evident that the 
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Fig. 4.— Luminoos Trail left by tbe Meteor of Oot. 19, 1677. 
First Effect. Second Effect. 


apparent velocities of shooting stars dejiend in gi'eat 
measure upon the angles at which they meet the 
earth. 

It is difficult to select, from amongst the large 
numbers of known meteor systems, those which 
afford the most conspicuous displays, but it is 
believed that the following short table comprises 
many of them. TTie positions are given in right 
ascension and declination. 


Jan. 2—3 . . . 234^4- 49° 

Jan 230 -f 30 

Jan. — Feh. . . 180 -j- 35 
Dec.— Feb. . .131-1- 48 
Feb.— Mar. . . 180 -f- 56 
Feb.— Mar. . .176+14 
April 19—20. . 272 + 35 
April— May . . 204 -1- 56 
April — June . . 235 + 23 
May 2 . . . . 326 —2 
July — Aug. . . 6 + 37 

July 27—29 .341 — 14 

July 30— Aug. 1 32 + 53 
July— Aug. . . 282 -i- 60 


July — Aug. . 

. 3090+ 48® 

Aug. 10 . . 

. 44 + 56 

Aug. 6 — 12 . 

. 96 + 72 

Aug. — Sep. . 

. 335 + 52 

Sept. 1 . . . 

. 306 + 54 

Oct. 8 — Nov, 

. 44 + 20 

Oct. 14—20 . 

.31+9 

Oct. 18—20 . 

. 90 + 16 

Oct.— Nov. . 

. 59 + 20 

Oct. . . . 

. 107 + 26 

Nov. 13 . . 

. 149 + 23 

Nov. 27. . . 

. 25 + 43 

Dec. 6 . . . 

. 80+23 

Dec. 9—12 . 

. 105 + 32 


The durations must be regarded as very uncertain. 
* As to the number of meteors a person may 
expect to see on ordinary nights, Schmidt and 
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seTend other observers have given the horary rate 
for each month in the year, but their figures are 
much below the true values. Ten per hour in the 
evenings and nearly seventeen in the mornings are 
the average numbers found by the writer, from obser- 
vations of 3,323 shooting stars during the last six 
months of the years 1876 — 78. For the first half 
of the year the figures will be somewhat less. In 




Fig. 5.— Firc*ball of Sept. 7, 1875. Meteor of Nov. 27, 1877. 

(Obeyed by H. Corder at Obehnsford.) 

the morning hours shooting stars are very fre- 
quent, as a rule, and occasionally fall in unusual 
numbers. 

The same systems supply large and small meteors. 
Fire-balls (of which examples are given in Figs. 3, 
6, and 6) intersperse with the most minute of these 
objects. As to their actual size, little can be 
ascertained with certainty. It is difficult, especially 
in the case of bright meteors, to separate angular 
diameter from the effects of “glare.” The fire-ball 
of November 23, 1877, was estimated to have an 
apparent diameter of half a mile, but the solid 
nucleus must have had vastly smaller dimensions. 
The ordinary class of shooting stars are extremely 
small, and are conspicuous more from their light 
than siza Observations, a few years ago, placed the 
weight of twenty of these bodies as varying between 
30 gi^ains and 7| pounds. The number of small 
meteors also vastly exceeds those of great brilliancy. 
In the catalogues of meteor observers they are 
classed according to their brightness, as compared 
with star magnitudes. The writer, in order to 
determine the relative percentage of the various 
magnitudes of meteors, sorted out more than 
60,000 shooting stars in various lists, and foimd 
that the best observations showed the following 
average proportions : — 


Ezoeedinsr Equal lit 
lit ma^iitude. mag. 

3-0 10-6 18*4 


8rd mae ?^* 

oMTu Mumg. below. 

26*2 41*8 


The results indicate a progressive increase of 7 J per 
cent. 

It is often asked. What becomes of the vast num- 
ber of falling stars which enter our atmosphere ? 
It is impossible to conceive that they are utterly 
- dissipated and vajKirised in the upi)er regions. 
The probability is that after combustion they 
are frittered into dust, which slowly subsides 
upon the earth’s crust ; for it has been shown, 
that though many of the particles of dust that 
are always floating in the air rise from the soil, 
some disi)lay a peculiarity of composition and 
form strongly suggestive of a celestial origin. 
A fall of “cosmical dust” has been inferred 
from the investigations of several scientists, 
whose conclusions appear to be that iron is 
mingled with the dust that has been accumulated 
in church towers by the winds of ages, and that 
this iron, as it floats in the air, is often trapped 
in its fall by snow, which frequently gives traces 
__ of it. In 1875 and 1870, a quantity of dust 
was collected from the towers of cathedrals and 
other elevated positions, and placed undei* 
chemical and microscopical analysis. The ai)pli- 
cation of a magnet proved it to contain minute 
spherical corpuscles, with a slight roughness, which 
made many of them bottle-shaped. Snow was also 
collected at many jilaces in France, and by Nor- 
denskjold in the arctic regions, care being taken to 



Fig. 6.— Fire-ball of Oct. 7, 1867. 


avoid the lower and upper layers, and the presence 
of iron was detected in each of the residues, and 
there were irregular particles which were influenced 
by the magnet. A continuous fall of cosmical 
dust of meteoric origin seems to be the probable 
inference from such inquiries, and the further 
development of labours in this direction may open 
out some interesting points and explanations in 
regard to many observed phenomena. 
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CONTINENTAL ISLANDS, AND HOW THEY WERE EORMED. 

By Professoe P. Martin Duncan, M.B. Lond., F.R.S., F.G.S., etc. 


M ost people who travel, occasionally find them- 
selves on an island ; and those who do not, 
may still have the opportunity of seeing the clifis 
of Calais from the English coast, of observing the 
Isle of Wight, and of tracing the outlines of the 
bold hills of some of the islands, far out at sea, to 
the west of Scotland. The sea intervenes in all 
these i>laces, between the more or less distant land 
and the observer, and its floor is deeper down — 
usually midway — than elsewhere. Were it not for 
this sea, and the trough over which it rolls, the 
lands would, of course, be continuous. The land- 
scape is much the same on both sides of the Channel 
near Calais and Dover, and on the mainland and 
isles of the West of Scotland ; and a very slight 
amount of attention will show that the earth com- 
posing the separated districts is of the same kind. 
The impression is given to the mind that the sea has 
been an invader of the land, and that Fmnce and 
England, the Isle of Wight and the mainland, and 
the isles of the West of Scotland and the mainland, 
were once united. Certainly the separation is in- 
creasing, for year by year the cliffs of the south and 
the bold rocks of the north-west, are worn and 
gradually removed by the winds and waves and tides; 
and this adds to the belief in their former union. 
Some hours of rapid steaming pass, before the Irish 
coast is reached from the West of England. Deep 
water is passed over, and the green island is seen 
sloping up from the depths in some places, and, if 
the voyage is extended, precipitously in others. 
Travel over the country, and the sea is seen 
breaking, more or less, all around its coast. On 
the west of the island, where the swell of the 
Atlantic comes on to the shore and rocks, often 
with almost irresistible force, there are traces that 
the land once extended where there is now sea, 
for a broad submarine flat slopes veiy gitidually 
into the Atlantic ; and there are, moreover, some 
rocks which are standing away from those of 
exactly the same appearance and height on the 
mainland, and which in some instances are suf- 
ficiently large to be called isles. In the case of 
Ireland there is not much difficulty in believing 
that it was once more extensive than it is now, and 
that the western coast was once much further out 
where the Atlantic now rolls, and that its north- 
eastern part must have reached far towards the 
formerly nearer Scottish coast. But there may be 


some difficulty in the mind of any student who 
may cross the Irish Sea in believing in the former 
union of Ireland and England, much as he might 
desire it, at the present time. 

But it might be urged that as the coast-lines at 
both countries are now wearing away, Ireland and 
England were once not more separated than Angle- 
sea and North Wales; and as the Menai cliffs do 
wear backwards, he might conclude that in the 
distant past the sea began to make inroads and 
disunite the lands. 

The present rate of coast-wearing would, how- 
ever, be insufficient to account for that of the great 
mass of intervening land, imless an enormous lapse 
of time can be admitted to have taken place since 
the separation commenced. 

One thing must strike everybody who rambles 
over England and Ireland, and it is this, that 
there are in both countries plenty of the same 
kinds of wild flowers, of small birds, and of not a 
few little wild animals which could not by any pos- 
sibility float, fly, or swim across the Irish Sea. 
Either they were created and placed on both 
countries, or they were once on a common land 
wliich has been separated into two. The placing 
could only occur by natural law. Kinds spring 
from one pair, and the individuals spread as they 
increase. There are some skeletons of large animals 
found in England and Ireland, in situations which 
denote that the surface of the countries and the 
climate have been very different to what they are 
now. The animals were gigantic, and their kinds 
no longer live on the face of the earth. The mam- 
moth, a large kind of elephant, and the megaceros, 
a kind of elk (Vol. I., p. 286), were amongst them, 
and it is quite evident that they swarmed over 
Ireland and England ; moreover, they could roam 
where the great sea now rolls. The former union 
of England and the Continent may be inferred 
from the fact that the great animals just mentioned 
as occurring in late geological deposits were com- 
mon to both localities. 

In the English Channel there are some relics of 
the former land which once connected this country 
with the Continent. The long lines of the Goodwin 
Sands, and also of the ** Gallopers,” are founded on 
chalk, which was worn down and planed by the sea 
arit invaded the land centuries ago ; but this chalky 
surface was once hill and dale, like the neighbouring 
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country. Similar intermediate worn lands are to 
be found elsewhere, and their place is often occupied 
here and there by rocks which have not yet been 
worn away, and which once formed part of the main- 
land, or by little islets, like those of Scilly, which 
have been jseparated from the mainland, compara- 
tively lately in the geological history of the world. 

It appears from these considerations that when 
two tracts of land, however different their sizes may 
be, are separated by sea, their former continuity 
may be shown by probable evidence of the most 
satisfactory kind, and which is founded on the 
value of the observations that the scenery of both 
places is much alike, that they consist of strata 
which were once continuous, that animals and plants 
which cannot move over the sea are common to 
both localities, and that the wear and tear of their 
cliffs is still proceeding. From these facts and 
opinions it follows that some islands were parts of 
a mainland within the lifetime of the eidsting 
species of animals and plants. 

There are, however, indications all round our 
coasts that some other causes than simple marine 
and atmospheric erosion and wear and tear, may 
have assisted in the separation of tracts of land by 
the sea, and, therefore, in the production of islands. 
At low spring-tides, after gales of wind have caused 
the waves and currents to sweep the shore 
pretty clear of sand and shingle, the remains of 
what are called ‘‘ sunken forests ” ai*e frequently 
found. Stumps of trees of such kind as the oak, 
for instance, of great size, are seen more or less 
hidden in mud, and an excavation will show that 
the roots exist in their original position in the earth. 
The oaks grew there, but now this kind of tree 
does not flourish within the reach of the spray of 
the sea. Hence it is inferred that the land has 
sunk and the sea has invaded old forest tracts. 
The stumps have been preserved, and the rest of the 
tree has gone. It may, moreover, be suggested, 
and with much probability, that the incursion of 
the sea in those places was rapid, and that the land 
wore away and sunk at a greater rate than the 
forest land could become bare of its trees from the 
effects of a sea-side climate. Again, in many 
localities on the sea-coast there are raised beaches, 
or places where a relic of a former shore may be 
seen up the cliff side many feet — and scores of feet 
in some instances — above the level of the present 
shore and high-tide mark. There the land has risen 
out of the sea, and the old coast-line and shore 
deposits have been all worn away, except the little 
reUc. These evidences of the former sinkings and 


risings of the land may be seen in many places on 
the sea-side between mainlands and islands which 
are within sight, or nearly so; and this former 
instability of the land must have produced results 
ending in the rapid separation of the former con- 
tinuous land into mainland and island. Of course, 
upward and downwai’d movements of the shores 
would tend to the breaking up of the coast- 
line, and its easier and more rapid destruction by 
currents, tides, and waves. 

There are some islands close to continents which 
have been mainly produced by movements in the 
crust of the earth. Thus the Island of Bombay, 
off* the west coast of Hindostan, has resulted from 
the bodily sinking down of the coast-line seawards, 
along a line parallel with the former coast. The 
mainland there, is comj^osed of hard rock called 
basalt, which was once cast forth as lava from the 
volcanoes of the age. This basalt is found in flows 
one over the other, and extends in the centre and 
west of the peninsula of Hindostan over 200,000 
square miles. It was once 5,000 feet thick, and 
about 2,000 feet of it have been worn away 
from the top on the mainland. But a falling- 
in occurred along the western coast-line, and the 
very top of the basalt formation is seen 
on the outskii*ts and in the midst of Bombay, 
Falling down into the crust of the earth along what 
called a line of fault, the topmost part of the 
thick deposit came to be just above the level of 
the waves, and it has been preserved fi’om the 
wear and tear which have gone on over the 
mainland. Worn away, however, much of the 
sunken part has been, but there is a relic of 
the past in the island, and evidently this sub- 
siding or faulting has had much to do with the 
separation of it from the mainland. The wearing 
of the sea, and of the air, and rain, and streams, 
assisted by the 'movement of the cun’ent along coast- 
lines, has had much to do with the formation 
of some islands. Assisting these potent powers 
has been the action of rivers near their mouths. 
The out-rush of river water, accompanied by tidal 
scour, wears away the land at the river mouth 
very irregularly, and hence small and large islands 
are to be seen in the estuaries and mouths of some 
rivers which are really relics of formerly continuous 
mainland. Probably the formation of the Isle of 
Wight, and its separation from the mainland, was 
partly due to the gradual wear of the rivers which 
flowed southwards from this last, and northwards 
from the island. Denudation, the I’emoval of its 
products, and the slight movements of upheaval 
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and subsidence on or about the coast-line, have 
produced, therefore, the greatest number of islands 
which are situated close to continents or to laige 
tracts of land. On the other hand, many islands 
have been formed near coasts in the line of the 
outiwur of rivers, in what are called deltas, by the 
accumulation of sediment brought down by the 
stream, century after century, and which has not 
been earned off to sea by the tide. 

The great islands which are situated close to 
continents, or which are not too I’emote to appear 
never to have belonged to one great mass of land, 
on maps, are somew'^hat numerous. Amongst them 
must be included the following ; Tierra del Fuego, 
at the southern point of South America, Vancouver 
Island and some others noHli of it on the west coast 
of America; the Japanese Islands and Sumatra, 
off the east coast of Asia ; Tasmania (or Van Die- 
men’s Land), to the south of Australia ; Ceylon to 
the south of Hindostan ; Madagascar, to the east of 
Africa; the British Islands; Sicily, Cyprus, Sar- 
dinia, and Corsica, and others in the Meditermnean ; 
Newfoundland, off the east coast of North America; 
and Cuba, Jamaica, San Domingo, and Trinidad in 
the West Indies. The remarks already made will 
apply to these islands, for there is no doubt that 
they were once connected with the mainland 
nearest to them. The word ‘‘once” has a very 
wide signification so far as lapse of time is con- 
ceiTied, and it must be remembered that the physi- 
cal geography of the present age was foreshadowed 
and prepared during not only the last geological 
age, but during seveml antecedent epochs. If the 
proof of the former connection of certain islands 
with the mainland were to depend on perfect simi- 
larity of the animals and plants of both localities 
alone, the evidence would fail in some instances, 
but the geologist will be able to show in those cases 
that the construction of the surface of the earth 
was the same then in the island and on the conti- 
nent, but possibly so long ago that the plants and 
animals have not much now in common, and that 
still there can be no doubt about the former con- 
tinuity of land. 

This can be understood by examining the trend, 
direction, and geology of the mountain systems of 
the continent and their relation to those of the 
islands. Geographical science has long since ex- 
ploded the idea that the great mountains of the 
^obe are in the centre of continents, and has Shown 
that many are in parallel chains more or less close 
to the great oceans. These chains are broken by 
cross ranges, are often not continuous for great dis- 


tances, and the valleys separating them are of all 
breadths, and ai'e also parallel more or less with the 
sea-coast. It must not be forgotten, however, that 
the youngest mountains of the great land-mass of 
Europe and Asia are an exception to the general 
ix)siti6n, for they mu across the continent, remote 
from the great seas ; but nevertheless their chains 
present much parallelism. Now, omitting these 
last from the argument, it is i)erfectly evident that 
some of the islands near continents once formed 
part of the great land-mass because they contain 
mountains parallel to those on the mainland, and 
of the same geological formations and age. In the 
island, as a general mle, the highest mountain 
chain is central, or it may be made up entirely of 
mountains standing in deep water. 

Looking at the instances mentioned, there is no 
difficulty in believing that Tasmania once formed 
part of the Australian alpine coast system, or 
that Madagascar was once part of an African coast- 
line. The same ancient condition may be extended 
to the islands on the north-west coast of Africa. 
The sepaiution has Ijeen due partly to wear and tear, 
but mostly to irregular upheaval and subsidence. 
To estimate the amount of wear and tear and ruin 
of coast-lines, it is necessary to remember that many 
great rivers run right through the course of moun- 
tain ranges, and that they once flowed at a higher 
level inland, and wore their valleys down simulta- 
neously with the erosion and widening of the 
channel through the hills to the sea. The action of 
the sea and tide on most coasts is less rapid than 
that of the running waters and scour of rivers in 
wearing down gorges into the sea. Isolation of a 
part of a coast-range can take place by the sea 
breaking th§ continuity of river- valleys which run 
parallel with the coast-range. It is evident that 
the sea does not erode its bed at any great depth 
under ordinary circumstances, and that its floor 
accumulates rather than loses. But currents and 
sti’ong tides assist the erosion of the sea, and pro- 
bably render it a wearing agent at greater depths 
than may be imagined. The moderate depth of water 
which often exists between some islands and 
continental tracts seems to be accounted for by 
the eroding action of the sea alone. Marine 
erosion, however, has produced only a part of most 
of the straits between discontinuous land; the 
rest has been due to tidal movement and to the 
previous condition of the valley which once 
separated the coast-ranges, the outer of which has 
become an island, and to movements in the crust of 
the globe. 
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' Common sense might lead to the belief that the 
more distant island was invariably the oldest in re- 
lation to the neighbouring continent ; and there is 
much truth in the theory. Thus in Asia, some of 
the great islands of the Indian Ocean bear a re- 
markable relation in distance and in their mountain 
continuation with the mainland. There is a range 
of mountains running from north to south, and ap- 
parently terminating in an easterly bend in the long 


The third, or eastern range, does not appear to 
have a continuation; for the other great partly sub- 
merged mountain masses, and now loiown as islands 
— such as Formosa and the Philippines — ^belong to a 
cut-oif coast-line. Sumatra and Java are separated 
but for a few miles from the Malay peninsula, and 
therefore it may be assumed that the former con- 
tinuity dates back for no very great lapse of time. 
Now look at Eastern Africa, and there, separated by 



Pig, OF TBE Malay Feniksula and adjacent Islands. 


peninsula of Malacca. To the west of this range 
is a smaller one, passing fi*om the eastern Hima- 
layas southwards, in the district west of the Irra- 
wady River, to the coast ; and to the east, Separated 
by the valley of Siam, is the chain of hills which, 
parallel with the others, limits Camboia. These three 
parallel ranges are stopped, as it were, by the sea ; 
but not so in the eye of the geologist. For the first 
mentioned can be traced in a line of islands, or sub- 
merged mountain tops, from Singapore to Borneo, 
off the east coast of Sumatra ; the second is recog- 
nised in the Andaman Islands,' the Nicobar Islands, 
Ac., and in the long central mountain ranges of the 
islands of Sumatra and Java (Fig. 1). 

AP 


300 miles, is the great island of Madagascai*, whose 
mountain system is clearly a part of an old African 
land mass. It is credible that Madagascar has been 
separated from Africa longer than the other islands 
have been separated from Asia. 

The former connection of all these islands with 
their neai'est mainland may be inferred, on the 
principle already alluded to in this paper. 
That is to say, there being animals and plants 
of the same kinds on the continent and on the 
island, it is believed that they once lived on 
the land where there is now the se|)arating 
sea. A very slight alteration in the north 
of the peninsula of Malacca would make it 
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into an island; and its plants and animals — the 
same in species as those of the neighbouring pai*t of 
Asia — would be cut oflf from their fellows. The 
Germans call these peninsulas half-islands/’ and 
a very good term it is, for it expresses much besides 
the simple geographical fact Now the islands of 
Sumatra and Java clearly once formed a part of a 
^‘half-island,** and their plants and animals were 
separated when the sea came in on the land, as it 
was worn or sunk at the present straits. The 
depth of the intervening water, which, if occupied 
by land, would connect these great islands and the 
mainland, is about 300 feet only ; nevertheless, it 
is a barrier which prevents the great and sinall 
land animals from passing over. The Indian 
elephant, so common in Hindostan and in the 
countries to the East, is found in Sumatra ; and a 
rhinoceros found in Sumatra is of the same kind as 
one which lives in Bengal. In the next island, 
Java, the rhinoceros is found, and it is of the same 
kind as that of the Malay peninsula ; there is also 
a wild ox in the island, which is of the same kind 
as one which is found on the Asiatic continent. 
Again, an ape called the siamang, which can only 
live in the forest up in the trees, is common to the 
Malay peninsula and Sumatra, Another, the 
“wow-wow** gibbon, leading a similar life to the 
siamang, is found on the mainland and in Java. 
The vegetation of the islands is that of the main- 
land close by. All this leads to the belief that the 
separation of these great so-called continental 
islands took place from the mainland not so very 
long ago, and that it occuri’ed during the lifetime of 
the kinds of elephants, rhinocerotidee, gibbons, &c. ; 
that is to say, since the present species have existed, 
and not before. Java is farther off the mainland 
than Sumatra, and it is found that about one-half 
of the larger animals of one island are found in 
the other, but the rest are not. Besides the crea- 
tures whose kinds were in existence when Sumatra 
and Ja^'a were one land, there are othere, many of 
which, probably, have no relation to the former 
geographical continuity. These may be called 
peculiar. Long-armed apes of the genus Gibbon 
are found in the forests of many of the small islands 
to the east of Sumatra and Java, which are the 
partly submerged continuations of the north and 
south mainland mountain chains, and they are all 
foi'est monkeya Hence these islands may be 
regarded as having once formed a part of a forest 
land continuous with the continent during the 
lifetime of the sf^ecies of the monkeys. Still 
(orther to the east is the great island of Borneo, 


forming now paiii of the parallel off-cutting of the 
continent of Asia, and once on a time a part of the 
same great country as the other islands. The 
wow-wow gibbon is found in Borneo as well as in 
Java ; and probably at least one-third or one-half 
of their other animals are of the same kind. Again, 
the elephant and tapir of Borneo are of the same 
kind as those of the continent close by. All this 
proves that these islands and the mainland have 
been one at some time during the lifetime of the 
elephant, tapir, and gibbons ; and the great number 
of species which are common to all these now 
separated districts, indicates that the age when they 
were divided is not very remote in the past. But 
the ^>eculiar kinds of animals in the islands 
just noticed must have been introduced by acci- 
dent or by birth since the islands were. These 
facts place the date of the separation a little 
remotely, and connect it with the end of the last 
geological age. 

Take Ceylon as the next example. It is close to 
the southern end of Hindostan, and its mountains 
are of the same geological age as those of the east 
and centre of that part of India. There are ele- 
phants in the island of the same kind as those of 
the mainland, and some monkeys are the same, 
and othei*s differ. The assemblage of animals and 
plants of the two neighbouring regions is so similar 
that there can be no doubt that the age of their 
sepamtion is comparatively late in the world*s 
histoiy. 

Distant Madagascar, however, tells a different 
story when its position and natural history are 
examined. It is a large island, with rather com- 
plicated mountain systems, and might be considered 
a little continent, were it not surrounded by sea, 
and close to land somewhat resembling it in its 
hills and their component layers. The sea is 300 
miles wide which parts it from Africa; it is 
deep, and there is a strong cun^ent. If the island 
and Africa were ever united, it must have taken 
ages to have worn out such a space as the Mozam- 
bique channel between the two. The animals on 
the Afiican coast and inland, such as the elephant, 
hippopotamus, gimffe, rhinoceros, and the great and 
small monkeys, are not found in Madagascar. There 
is not an animal which can neither fly nor swim 
which is common to the sepamted districts 
Madagascar has a host of animals which ai'e called 
lemurs — furry, active, four-handed creatures, usually 
with long tails (Fig. 2). None of the Madagascar 
kinds are found on the mainland. The mainland 
lemurs belong to genem which are different to those 
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of Madagascar. It is an interesting fact that a small 
or pigmy hippopotamus appears to have lived in 
Madagascar in the ancient time, for its bones have 
been found there included in late geological deposits. 
The pigmy hippopotamus lived far back in time, for 


From all these considerations it may be gleaned 
that Madagascar once formed a part of Eastern 
Africa ; and that during a long lapse of time the 
300 miles of deep sea have been got out of the land 
by current movements, by atmospheric wreckage^ 



Fig. 2.— LXXXTBS or IfADAGABCAB. 


its remains have been found in the islands of Malta 
and Ci’ete, and in the Morea. It resembled greatly 
the small hipjx)potainus which now lives in liberia, 
in Africa, and probably was the same kind. Moi'e- 
over, there are some small islands between Africa 
and Madagascar, some of which are remote from 
the island, and others which are quite close, and 
these have the |}6culiar Madagascar lemurs on them. 


and by crust movements. So long ago was the 
separation, that it was before the world of monkeys 
enlivened the African forests, and before the great 
animals of the continent lived, the pigmy hippo- 
potamus being the exception. All this indicates 
a great lapse of time, and a much greater one than 
that which occurred in the instance of the islands 
of Sumatra, Java, and Borneo in relation to Asia. 



156 


SCIENCE FOR ALL. 


TEETH. 


By Da. Akdeew 

0 structures of the human body are more 
familiar to ordinary observation than the 
teeth. In lower life, the teeth are equally well 
known and readily distinguished, even amidst varia- 
tions in form, size, and appearance — variations that 
are often of considerable extent. Common as these 
organs are, however, their structure is a matter con- 
cerning which only students of natural science possess 
definite information ; and the true nature of teeth, 
and their relationship to the other tissues by which 
they are surrounded, form subjects all unknown save 
to the learned few. Nor may the teeth interest us 
in their natural history alone. Among the many 
misfortunes to which humanity is liable, not the 
least serious and annoying are those evils which 
beset our teeth. And if the metaphysical doctrine 
that an analysis and understanding of our pains and 
8ori*ows be a proceeding tantamount to their miti- 
gation and relief, a study of the natural histoiy of the 
teeth may prove perchance to ameliorate, in a phi- 
losophical sense, some of the pains of man^s estate. 

The true nature of the teeth may form a fit 
subject for preliminary remark. Were the ordi- 
nary reader asked amidst which structures of the 
body he would classify the teeth, his natural reply 
would likely bear that the teeth belong to the skele- 
tal portion of the bo^ly, and are allied to the bones 
in their nature. Such a remark would further seem 
to be fully borne out and supported by the super- 
ficial consideration of the teeth themselves. They 
are hard, dense, bony structures, beai*ing outwardly 
the closest possible resemblance to bones. They are, 
moreover, fiimly fixed, in man and his nearest rela- 
tions, in cavities or sockets excavated in the jaw- 
bones, and are thus placed in very intimate connec- 
fion with bony structures. Plain as would seem 
the inference to be deduced from the foregoing fact 
— namely, that teeth are simply modified bones — 
the physiologist finds good and sufficient reasons 
for fully denying the apparent connection which 
might be regarded as existing between the skeleton 
and the teeth. The latter, he maintains, are not 
parts of the bony framework. In a true or natural 
classification of the bodily belongings, the teeth 
would be placed in quite a different section from 
the bones ; and it is doubtful if any relationship, 
other than a superficial resemblance in chemical 
composition, can be shown to exist between bones 
and teetL Let us try to ascertain the grounds for 


Wilson, F.R.S.E. 

the physiologist’s separation of these two structures ; 
and in so doing we may glean some important in- 
formation concerning the manner in which the true 
relationships of the structures of living beings are 
discovered. 

In the endeavour to trace the nature of some 
of the existing features of society, such as its mar- 
riage-customs, or any of the institutions which mark 
the social life of our age, the investigator has re- 
course to antiquarian lore, and to the primitive his- 
tory of our race. Therein he tries to discover the 
first beginnings of the habit in question, and if his 
search be successful, he will be able to trace the 
growth of the custom, and the liistory of the in- 
novations which have suited or adapted it to the 
gi*adual advance of mankind. What is true of an 
investigation into man’s personal history, and into 
that of his customs and habits, is equally true of 
the method whereby we arrive at the history of the 



Fig. 1.— Teeth of Man, ehowing the Milk and Permanent Sets. 

{After Owen.) 

«•, e*, pw««) the Temporary Incisors, Canines, and Molsrs; (i^, e* 

pin*, pm*, 7n\ m*, m*) the Permanent Teeth succeedlngthe Milk Set. 

structures of which his frame is built up. In either 
case, the subject under our investigation does not 
explain itself by its present aspect We must travel 
back, in either case, to the beginning, and try to 
trace through development the true nature of the 
subject or stnicture under consideration. 

Apply these remarks to the investigation of the 
teeth and their nature, and we shall speedily 
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find reasons for the separation of the teeth and 
bones. Suppose we watch the development of a 
tooth; we may find that its lines are laid down, 
so to speak, in a very diflTerent manner from that 
in which the bones are fashioned. Man and higher 
animals, as most readers are aware, possess two layers 
in the skin. The outer layer, as we know from our 
experience of ordinaiy life, is devoid of blood-vessels, 
and destitute of nerves. This outside layer is the 
epidermis.* Beneath the epidermis we find the 
under skin, well supplied with nerves and blood- 
vessels, and known as the dermis.i This under, 
layer of the skin is the more important of the two, 
since it is by means of its nerves that we feel, and 
through its sweat-glands ” that we get rid of a 
large proportion of the waste matters of our bodies. 
But these two layers of the skin, viewed altogether 
apart from these functions, also serve to form and 
develop certain hard pa/rts^ which come in due time 
to assume a permanent place in the structure of the , 
body. Tlius, for instance, the nails are formed by 
the epidermis ; and hairs as well as feathers are 
no less typical developments of this outer skin- 
layer. The callosities^ or hard patches or knobs, 
we see on the inner aspect of a horse^s legs, or on 
the earners breast, and horns themselves, may be 
also regarded as typical belongings of the outer skin. 
Indeed, the well-known “horn’^ borne on the nose 
of the rhinoceros, in its essential nature, is but a 
bundle of closely-packed and somewhat altered hairs. 

The dermis or under skin also devotes part of 
its vital energy towards the fonnation of hard 
stnxetures. Thus even within the limits of the 
gi’eat class {Mammalia) including man as its 
highest representative, the under skin presents us 
with evidences of its power in forming hard struc- 
tures in the bony plates which, like a veritable coat 
of flexible armour, invest the armadillos of South 
America. But the under layer of the skin also 
possesses a more special interest for us when we 
discover that it is to this layer that we are indebted 
for our teeth, and that teeth in reality must be 
classified with the skin and its products in a 
true arrangement of the body and its parts. At 
the margin of the lips, the outer layer of the skin 
merges into the delicate structure seen in the lips 
themselves; and this latter layer in its turn merges 
into the still more delicate layer which we familiarly 
term the ** gum.” The “ gum ” is in truth simply 
an altered under-skin, and it is to the gum that 
we must look for the explanation of the formation 
of a tooth. 

• Sometimos called the ecUnm. t Or enderon. 


The beginnings of tooth - formation take place 
at a very early period in the life-history of man 
and his animal neighbours, and the first traces 
of this work result in the production of a semi- 
cii’cular groove running round the upj^er jaw. This 
is the primitive dental groove of physiologists. In 



ma yini2 nini ^ 

Fig. 2.— Teeth of Lower Jaw of Man. 

(A) Side View ; (d) Grinding Surface, (llefcrenceg as in Fig. 1.) 


the floor of this groove appear a number of little 
projections or papiUcCy each of which maybe regarded 
as a veritable mould upon which a tooth is formed. 
The dental groove next becomes contracted ; its 
edges tend to grow together, so as to inclose the little 
papillae ; and by a further development of the groove, 
each papillae becomes inclosed in a little chamber 
or compartment of its own, named a follicle. It 
may be well to remark at the present stage of our 
inquiries, that the follicles are simply the repre- 
sentatives of the future ‘‘sockets” in which the 
true teeth will be duly and securely lodged. In- 
closed within their compartments or follicles, the 
little papillae begin to grow rapidly, and to assume 
each the form of a tooth. The upper pari of each 
papilla has a little cap, which forms the enamel of 
the future tooth ; whilst the substance of the papilla 
itself is devoted to the formation of the dentine or 
ivory, of which the great bulk of a tooth is com- 
posed. Ultimately the great bulk of the papilla 
will become the pulp of the tooth ; and as soon as 
the proper period arrives, the gum will give way 
through the pressure of the tooth upon it, and the 
tooth, making its entrance into its proper sphere of 
action, is said to be “ cut.^' Thus the study of the 
development of a tooth teaches us the following 
important facts ; firstly, that teeth belong to the 
skin-structures, and are near relations of the hairs 
and nails ; secondly, that each tooth is formed from 
a little projection called a papilla^ formed in a 
groove, which ultimately becomes divided into 
follicles or sacs ; thirdly, that the papilla, becoming 
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hardened through the formation of limy matter, 
forms the tooth, the central substance of the papilla 
remaining soft and constituting the tooth-pulp; and 
fourthly, that when the tooth emerges from its sac 
it is said to be “cut” — the follicle or sac forming 
the familiar “ socket ” of the tooth. 

Thus much for the development of a tooth and 
what it teaches. The process just described refers to 
the first, or temporary set of teeth which man 

and his neighbours are known to possess. A second 
or permanent set appears in due course ; the second 
teeth being developed in little pockets, which are 
given off from the follicles or sacs of the first teeth. 
In the bottom of each of these secondaiy sacs, a 
new tooth grows from a papilla, as in the previous 
case, and as the second teeth grow they press like 
rude neighbours upon the roots of their predecessors. 
This pressure causes the decay or absorption of the 
roots of the milk-teeth, which in the natural order of 
things fall out, and are replaced by the second set. 
Thus we learn something, through these latter facts, 
about the succession of the teeth. 

Most quadrupeds resemble man in that they 
possess two sets of teeth ; but those whales which 
possess teeth, the sloths, and some other quadrupeds, 
have but one set. Nor must we neglect to remark, 
in passing on, some rather interesting, not to say 
strange, peculiarities which mark the succession of 
the teeth in some animals. Thus the guinea-pigs 
actually shed their milk or first teeth before they 
are born. Still more curious is the case of the 
whalebone whales. In their adult state these 
animals have no teeth, but the teeth are actually 
developed in the gums, and absorbed before birth. 
So also with the upper front teeth of ruminants, 
or animals which, like sheep, oxen, &c., “chew the 
cud.” These front teeth are duly formed and 
developed, but they do not cut the gum, and wholly 
disappear before the animals are bom. “ What,” 
asks Mr. Darwin, in speaking of this subject, 
“can be more curious than the i)re8ehce of teeth 
in foetal whales, which when grown up have 
not a tooth in their heads; or the teeth which 
never cut through the gums in the upper jaws of 
unborn calves 1 ” The only explanation which has 
been tendered of such anomalous and apparently 
useless organs, has been to assume that they are 
the results of “ the law of inheritance,” and exist as 
the modified remnants of teeth which in the “remote 
ancestors” of the whales and calves attained a large 
and typical development. But this is a mere hypo- 
thesis, and one which we need not discuss here. 

Turning to consider man’s teeth as to their 





number, we find him to possess thirty-two teeth in 
all : the sixteen teeth of the upper jaw presenting 
a similar form and arrangement to those of the 
lower jaw. Man’s teeth form an unbroken series 
in each jaw — a character almost peculiarly human, 
since only one living 
animal, a little lemur 
( Tardus) has the teeth 
soarranged(Fig.3); an 
extinct hoofed quad- 
ruped, the Anoplothe- 
rium, also sharing 
this peculiarity. Man WJI | 

possesses only ten Kw 

teeth in each jaw in 3._Teeth of Tawius. 

his milk set; and this 

remark leads us to ask what becomes of the addi- 
tional twelve teeth his permanent set contains ] To 
answer this question, we may briefly glance at the 
varieties of teeth found in the category of human 
possessions (Figs. 1 and 2). Thus four front teeth 
exist ill each jaw. These are incisors, or nip- 
pers. Next to those, one on each side, lie the 
teeth so pointed and prominent in the dog, hence 
named canines, or “dog-teeth.” Then succeed 
two teeth on each side, with two cusps or 
points on each crown. These are the bicuspids, or 
premolars. Lastly come the molars, “grinders,” 
or back teeth, with broad crowns, and wliich exist 
to the number of three on each side of each jaw. 

We may denote the number of teeth in any 
animal by a very simple arrangement of letters and 
figures, named a “ dental formula.” Thus we might 
indicate man’s permanent tooth arrangement or 
“ dentition ” by the following symbols, which are 
by no means so formidable as at first glance they 
may seem : — 


= 32 


m. 

pm. 

c. 

t. 

t. 

c. 

pm. 

m. 

3 

2 

1 

2 

2 

1 

2 

3 

3 

2 

1 

2 


1 

2 



The figures above the horizontal line indicate the 
teeth in the upper jaw ; the figures below the line 
referring to the teeth of the under jaw. The 
vertical line divides the jaws into two equal halves 
■—and this for the reason that we might require in 
some animals to note the occurrence of teeth in one 
half of the jaw that ai'e absent in the other half. 
To render the construction of a dental formula 
clearer, we may select, as an additional example, 
that of the sheep (Fig. 4). This animal wants upper 
incisors and canine teeth, but possesses six lower 
incisors and two lower canines ; the premolars and 
molars each existing to the number of six in each 
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jaw. The aiTangement of teeth in the sheep might 
be thus expressed : — 


m. 

pta. 

0. 

i. 

i 

e. 

pm. 

m. 

3 

3 

0 

0 

0 

0 

3 

3 

T" 


I 

3 

3 

1 

3 

a 


Returning to the subject of man’s dentition, we 
find that from the twenty teeth he possesses as his 
milk set, the molars or grinders are excluded. 
When these latter teeth appear they do so but once 
in his lifetime, namely, in the permanent set, and 



Fig. 4.— Skull of Sheep, showing Dentition. 


are therefore not preceded by milk-teeth. The 
dental formula for man’s milk set therefore runs : — 



Man’s teeth are by no means 
numerous when compared with the 
numbers represented in some x)f 
his nearest allies, as well as with 
those developed in many lower 
forms of life. Some dolphins exist 
in which over 200 teeth are de- 
veloi^ed ; whilst some armadillos 
must certainly be regarded as being 
well provided in the matter of 
dental apparatus in the possession 
of ninety teeth. On the side of 
limitation in numbers may be men- 
tioned that curious dolphin-like 
animal the narwhal, or sea-uni- 
corn” — of whose dental peculiarities 
more anon — in which but two teeth 
are found. 

When man loses any of his 

Fig. 5.— Growtii of second teeth, he knows that all 
Tooth of Crocodile. i i j. j* x-l • • 

hope of replacement of the missing 

(a) Tooth fully de- ^ ® 

nSrly^ Aoveioped tS ^®“^oer by Nature is useless, and 
he has therefore to submit him- 
2 bSS&iS ».'““*** self to the tender mercies of the 



dentist in order to supply the gaps in the necessary 
furnishings of his mouth. Infinitely superior, in 
respect of the arrangements for the renewal of lost 
teeth, are the faculties of many lower forms of life. 



Fig. 6.— Jaws of Male (a) and Female (b) Skate. 


Think of the crocodiles (Fig. 5), wliich are so 
lavishly provided for by Nature in the matter 
of teeth that whilst one tooth is in use, not 
one alone, but actually two, new teeth may 
be in process of formation below the still use- 
ful member, the teeth succeeding each other 
vei^tically in these animals. Or consider the 
arrangement of the teeth in many members of the 
class of fishes. Glance into the mouth of a pike or 
perch, and you will speedily discover the teeth to 



Fig. T.'-JawB (a) of Shark j (b) Tooth of Upper Jaw ; 
(c) Tooth of Lower Jaw. 


be so numerous that Nature has crowded them not 
upon the jaws only, but upon tongue, palate, floor, 
and sides of the mouth, and upon the gill-arches, 
and back of the throat. Or look at the jaws of a 
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shark (Fig. 7), or a skate (Fig. 6), or i*ay, in which 
series after series of new teeth is developed, one 
behind the other, ready to be pushed forward and 
to occupy the place of the teeth at present in use. 
An Australian shark {Ceatracwn)^ presents us with 
a perfect pavement-like arrangement of teeth in its 
jaws; and in the rays, the teeth remind one of 
nothing so much, in their profusion and regularity, 
as the paving-stones in a street, or in some cases like 
the arrangement of mosaic work. In these latter 
oases set after set of teeth may be developed, in 
stiiking contrast to the meagre provision made by 
Nature in the matter of teeth in her highest flight 
of development as represented in man’s estate. 

The chief remaining points in the history of the 
teeth may be included under the heads toothr 
structure, and peculiarities in tooth-develoinnenL 

When a tooth is cut in 
two longwise, it is found 
to be hollow in its in- 
terior. This hollow in 
the living tooth is occu- 
pied by the delicate tootlir 
pulp (Fig. 8, A, 7?), which 
consists, among other 
things, of blood-vessels 
and nerves, entering the 
cavity of the tooth at 
itsroota The tooth-pulp 
represents the papilla, 
upon and from which, as 
we liave already seen, 
the tooth was at first 
formed. The great bulk 
of a tooth consists of 
dentine or ivory (Fig. 8, 
d), which, resembling 



8. — Lomdttidiiial 


and 


trausverse (b) Section of iMioiar bone in outward appear- 
TootbofMan. , ,, 

<c) Cement; («) Enamel; 8'JlCe, uluers markedly 

(p) puip caritj . therefrom in its essential 

structure. A transverse microscopic section, or 
thin slice of bone cut across, shows us that it con- 
sists of rings of bony matter surrounding the 
minute Ha/versian canals (Fig. 9, b, a a) in which 
the blood-vessels of the bone are contained. A 
section of dentine or ivory (Fig, 9, a, li) similarly 
examined, shows that this substance consists of 
branching tubes which, in a living tooth, are filled 
with delicate extensions of the tooth-pulp. The 
eruxmd forms the second of the three elements in a 
tooth. This latter is the hardest substance of the 
animal tissues, and forms a delicate investing crust 
to the tooth as far as the root. The enamel is 


thickest on the crown, where the tooth is most 
subject to wear and tear. The cement (Fig. 9, 
A, 6, c) of a tooth exists on the roots, and is thickest 
at the points of the fangs. This latter substance 
most nearly, of all the substances found in a tooth, 
resembles bone. 

No better illustration of the importance of 
correctly distinguishing between teeth and bone, 
could be given, than the case of certain fossil birds, 
which, in contradistinction to their living neighbours, 
possess teeth-like processes” on their jaws. Part of 
the skull of such a bird was discovei*ed in the 
London Clay of Sheppey, the jaws being provided 
with tooth-like structures. Under the microscope, 
however, the ‘‘teeth” of Odontopteryx — as the 
Sheppey fossil was named — were seen to be com- 
posed of bone, and to be therefore entirely difierent 
in nature from true teeth. Later on, and indeed 
quite recently, certain bird-remains, from the Cre- 
taceous or Chalk Rocks of .America, have been 
found to exhibit tooth-like processes of the jaws like 
Odontopteryx. When, however, the question of the 
true nature of the teeth of these American birds 
came to be raised, these latter stnictures were found 
to be true teeth in every respect. Their structure 
was that of true teeth, and they sprang, in one form 
at any rate, from distinct sockets. Thus the exact 
nature of a tooth as distinguished from bone is seen 


ho a 




Fig. 9.— Dentine and Bone. 

(▲) Vertical Section of Dentine and Cement from Indior Tooth of Man ; (a) 
Dentlnr; (6, c) Outer and Inner Layers of Cement : (B) Transverse Section 
of Bono from Htmerui of Man ; {a, a) Haversian Canals. 

to be a highly important point in settling the status 
and relationship not merely of living forms, but 
or some of the more extraordinary relics of the life 
which existed in the eons of the past 
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Some teeth, such as those of sloths and arma- 
dillofi, have no enamel. In the molar teeth of the 
elephants, on the contrary, we meet with a very 
complicated structure. In these animals a molar 
tooth exists as an elongated body, composed of 
plates of dentine capped by enamel, and separated 
by masses of cement. The patterns assumed by 

the dentine and 
enamel plates 
exhibit varia- 
tions in the 
difierent species 

Pig. lO.-Molar Tooth of African Elephant. elephants. 

Thus in the 

African species (Fig. 10) the teeth exhibit 

lozenge-shaped spaces, whilst the molars of the 

Indian species (Fig. 11) show a simple trans- 



Fig. 11.— Holar Tooth of Indian Elephant. 


verse or cross-barred arrangement, also wit- 
nessed in the teeth of the extinct mammoth. 
In the elephants we note a good exami)le of the 
immense development of certain teeth — the upper 
incisors — to form tusks. Such ‘Husks spring 
from what are termed permanent iinlps — that is, 
the I’oots of tliese teeth do not, as in man and mo^t 
other animals, become sooner or later absorbed, but 




Pig. 12.— Skull of the Bahyroussa Hog. 
(Eeferences aa in Pigs. 1, 2, 4.) 


continue in a soft living condition, which permits 
of a continuous increase taking place. In the same 
way, the incisor teeth of such animals as rats, mice, 
rabbits, hares, squirrels, porcupines, beavers, &c. 



(named collectively lio(hnt8\ continue to grow 
throughout life, and thus to provide xor the con- 
stant wear and tear to which these teeth are 
subjected in the act of gnawing. But in these 
animals we note another imiK)rtant and equally 
interesting provision of Nature for pi’eventing too 
rapid wear of these prominent front teeth. The 
front part of each incisor tooth in the rodents con- 
sists of a thick layer of enamel ; the hinder part of 
the tooth being composed of the softer dmtvm^ or 
“ ivory.” It follows, therefore, from this armnge- 
ment of tooth-substance, that the ivory, or liindcr 
part of the tooth, will wear 
faster than the enamel 
front, and the constant use; 
of the tooth tends to keep 
a chisel-like edge there- 
upon, and thus provides 
for its continual sharpness. 

Some marked pecu- 
liarithis of teeth result in 
rodent animals, from dis- 
use of these long incisors. 

When the incisors of one 
jaw in a rabbit, or hare, 
or other rodent, are acci- 
dentally broken, the oppos- | 

ing teeth of the lower jaw, j 

being left unworn for a i 

time, may gi’ow rapidly, J 

and extend well-nigh into ^ \ 

a complete circle, prevent- ; 

ing the closure of the i 

mouth, and ultimately ^ 

killing the animal. And j 

an allied but natural state i 

of what we may call tooth- 
deformity is found in the 
Bahyroussa Hogs of the 
Eastern Archipelago, 
where the upi)er canine 
teeth grow upwards and | 

backwards so as to re- 
semble horns, the lower 
canines also attaining a 
largo size (Fig. 12). The 
longest tooth in the world 
is that of the male narwhal 
(Fig, 13), which develops one tooth — the nature of 
which is doubtful — to a length of ten or more feet ; 
this great tooth appearing as an ivory pole of 
twist^ conformation. Sometimes two such teeth 
are developed, and occasionally the feniale nainvh^ 


Fig. 1.’}.— Skull of the Niirwhti* 

(a) The J)eve](»iM?d Tootli ; (6) the 
Undeveloped one. 
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imitate their lords and masters in the development 
of a like formidable appendage. 

Our space will not permit us to further descant 
on the peculiarities of tooth-structure. We may, 
however, mention one remarkable instance of modi- 
fied teeth found in a class of animals — in which 
certain of the teeth are as a rule remarkably con- 
structed to form poison-fangs — namely, the serpents. 
One little African snake, named Eaddodoriy appears 
to subsist on eggs as its normal dietary. The 
puzzle of oi*dinary snake-existence with such epicu- 
rean tastes is obvious in the difficulty such an 
animal would encounter of obtaining the full bene- 
fit of its dainty fare. But Nature has overcome 
this difficulty in a sufficiently remarkable way. 
Certain processes of bony character project from 
the front of the spine and protrude into the throat ; 
these processes being tipped with enamel. Although 


these processes are skin-formations, they seem to 
lie outside the category of ordinary teeth, from 
their peculiar position. Their function, however, 
is no less peculiar than their position. The eggs 
being swallowed whole, these th^t-teeth duly frac- 
ture them in the course of their descent to the 
stomach, so that the snake in this way obtains the 
full benefit of its food, and contrives to procure 
the entire amount of its fragile diet. 

The subject of the teeth and their modifications 
may be regarded as canying its own lessons with 
it. One consideration, however, may be said to 
be plainly derivable from such a theme — namely, 
that the teeth very typically and beautifully illus- 
trate at once the marvellous adaptation of animal 
forms to varied ways of life, and the wondrous 
fertility of contrivance which is characteristic of 
life at large. 


HOW THE RIVER SEVERN CUT THROUGH WENLOCK EDGE. 

By Charles Callaway, M.A., D.Sc. (Lond.), F.G.S. 


W ENLOCK EDGE is a lofty ridge of limestone 
running to the south-west through the heart 
of Shropshire. At Ironbridge, the river Severn cuts 
right through it, leaving a steep i*ampart of rock 
standing up on each side. How has this been done f 
Are we to suppose that the river came rushing 
down from Plinlimmon, swollen into unusual volume 
by heavy rains, and that it burst through the great 
rock barrier as a cannon-ball breaks through a stone 
wall 1 Or shall we adopt a milder explanation, and 
suppose that the Severn flowed down gently against 
the ridge, and, by continual wpahing and wearing, 
gradually worked its way through, as a mouse 
nibbles through a cheese? 

To both of these explanations thei’e is a very 
strong objection. If the Severn had come down 
from the Welsh mountains against Wenlock Edge, 
it would at once have ceased to be a river. The 
water, dammed back by the barrier, would have 
Spread out into a lake, and would have found an 
outlet in anoUier direction. In that case, the water 
would probably have turned into the flat plane 
north the Wrekin, and flowed across England 
to the German Ocean. We are then obliged to 
conclude tibat Wenlock Edge did not form a barrier 
to the flow of the river. 

Sir Roderick Murchison suggested a way out of 
the difficulty. He contended that the mountain 


barrier split asunder, and gave passage to the river. 
In proof of this he points out that, just where the 
river enters the gorge, the limestone is displaced by a 
“ fault.” To this theory there are two objections. 
First : the fault was simply ^^a plane of separation,” 
that is, a crack in the strata, with the rock on each 
side of the crack in actual contact. Second : the 
river has not taken advantage of the split, which 
is unopened to this day, but has cut through the 
Edge in a difierent direction. 

If, then, the river did not burst or eat its way 
through the present barrier, and if the barrier did not 
crack open for the passage of the waters, how can it be 
said that the Severn has cut its way through Wenlock 
Edge ? I will here give a partial answer. The river 
existed before the mountain, and not only cut the 
gorge, but also helped to make the mountain. To 
explain this, we must go back to the very ancient 
times when neither the river nor the Edge existed. 

In the epoch called the Silurian, the ocean rolled 
where now the angler fishes for salmon in the 
Severn, and where the Ironbridge labourer bums 
the limestone of Wenlock Edge. We are here 
concerned only with a sub-division of the Silurian 
epoch which takes its name from the very district 
under consideration. It is called the Wenlock 
^riod. At the bottom of the Wenlock sea, there 
first accumulated thick beds of calcareous mud, on 
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the surface of which crawled myriads of strange 
beings the very types of which have long since 
passed away ; while the ancestors of the nautilus, 
with shells straightened out like the horn of a 
unicorn, swam in the ocean above, and were mon* 
archs of all they surveyed After a time, the supply 
of mud fell short, and the sea grew clearer, lliis 
allowed coral reefs to form. For ages, zoophytes, 
the ancient representatives of our Mad^pores and 
star-corals, were busy separating the carbonate of 
lime dissolved in the ocean, and building it up into 
their skeletons, which, by their accumulation, grew 
into solid reefs. The zoophytes were aided by the 
stone-lilies. These were animals of exquisite beauty 
and grace. A slender stem, composed of flat rings 
of solid carbonate of lime, was I’ooted to the bottom 
of the sea, and supported a calyx or cup shaped like 
the flower of the lily, and carved on the outer 
surface as by the graver of a Cellini. Round the 
upper edge of the calyx was attached a circle of 
long jointed arms furnished with delicate fringes. 
The entire fiumework of this lily-like cieature was 
constructed of plates, rings, and joints of solid stone; 
and, when the soft parts of the animal decayed, its 
imperishable skeleton helped to form great beds of 
solid rock. (Vol. I., Fig. 1.) 

Thus we have a thick deposit of calcareous mud, 
the Wenlock Shale, overlaid by a band of more solid 
material, the Wenlock Limestone. The difference 
in the hardness of these two bands is the essential 
I)oint to be remembered. The limestone was after- 
wards covered in by strata, which we will call P.ost- 
Wenlock. 

The next stage in the process is the conversion 
of the Wenlock sea-bottom into dry land. This 
was brought about by gradual upheaval. The 
layers of rock composing the earth’s crust were 
puckered into huge waves by a tremendous force 
pushing sideways. As the tops of the arches 
approached the sea-level a new power came into 
opemtion. This was the action of the waves of the 
ocean. 

The operation of this agency may be seen in many 
parts of our coast-line at the present day. Waves 
beat at the base of the cliff* like the ponderous 
hammers of Cyclopean giants. The waves act with 
greater eflTect by means of the pebbles and sand 
which they drive before them. In this way cliff’s 
of the most solid rock are undermined, and masses 
above, being unsupported, fall down, and accumulate 
at the base. Then the restless waves commence 
upon the fallen heaps, dashing them together, break- 
ing them to pieces, reducing them to pebbles, and 


grinding the pebbles up into sand and mud. Last of 
all, currents come and sweep away the sand and mud 
into the ocean, leaving the base of the cliff* once more 
bare. The waves again set to work, and undermine 
a fresh portion of the precipice, and the grinding up 
process is repeated. In this way, the waves eat in 
upon the land, like a great horizontal saw working 
unceasingly at the same level, and the cliff’s retreat 
before them. The waves have no more respect for 
the most solid and stately cliff* than they had 
for the chair of Canute. If there were no counter- 
acting force at work, they would gradually eat 
their way in upon the land until every atom of 
rock above the level of the sea was swept away, 
and the ocean would be univensal. 

Let us return to our arches of rock rising up to 
the surface of the ocean. The waves set to work 
upon the apex of each arch, and plane it off. As 
the land rises higher and higher, more and more of 
the arch is removed. The upheaving force and the 
waves are running a race. Upheaval is trying to 
gain upon the waves, so as to lift the land up above 
their reach ; and the waves are eager to swallow up 
the land before upheaval can attain its object. We 
will suppose that upheaval wins the race, and pro- 
duces dry land. That land-surface will be level, 
owing to the planing action of the waves during 
the emergence. Fig. 1, taken from a section exposed 
in a quarry near Skipton, shows how the beds of 
rock in the earth’s crust are bent into waves, and 
how the ocean has jflaned off* the arches to a level 
surface. 

During the emergence of a portion of the earth’s 
crust, the centre of the mass will evidently move 
upwards more rapidly than its circumference ; so 
that the new land '^1 be rather higher in the 
centre. Such a newly-formed land-surface, which 
sloi)es gently out towards the sea, is called a * plane* 
of marine denudation.” The flat j)lain of central 
Ireland is an example. 

Let us now revert fi*om our general principle to 
our special case. To prevent unnecessary complica- 
tion, we will confine our attention to our three 
bands of rock, Wenlock shale, Wenlock limestone, 
and Post- Wenlock beds ; and we will suppose that 
all formations above and below these groups are 
non-existent Our series has been uplifted into an 
arch, planed off* by the waves, and converted into a 
plane of marine denudation, with a gentle slo|)e 
towards the south-east. Fig. 2 represents a part of 
this land-surface. 

As soon as the land emerges from the waves, a 
new set of agencies begin to work upon it The 
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principal of these forces are frost, rain, and carbonic 
acid. Rain-water falls upon the surface, and soaks 
into it, penetrating even the more solid rocks. 
Frost sets in, and the water in the ix>ck congeals. 
But when the water freezes it expands, and splits 
the rock. Each particle of water lying between two 
particles of stone, by its expansion, acts as a little 
wedge, forcing the rock particles asunder. In this 
way, an exposed rock-surface, moistened from time to 


often dissolve the rock on each side to such an 
extent as to enlarge the crack into a cavern. 

We ^n now introduce the river Severn. Rain 
falls upon the newly-emerged plane of marine denu- 
dation. If the plane were a perfectly smooth sloping 
surface, the rain would necessarily flow off in an 
even sheet But billiard-table surfaces seldom occur 
in nature. The varying hardness of the material 
composing the plane will cause inequalities, even 



Fig. 1 .— Contorted Limestone at Drauohton, Near Skipton. 


time by rain, gradually softens and decays, or peels 
off in flakes. 

Frost having done its work, rain again r(*sumes 
operations. Every shower waslies down some of 
the decayed rock-surface, and the streams produced 
by the rain carrj’^ the sand or mud down into the 
river l)elow. 

The atmosphere contains a small quantity of 
carbonic-acid gas, and the rain falling down through 
the air, dissolves a small portion of the gas, and 
thus acquires its chemical properties. The only 
property of carbonic acid which we need notice here 
is its power of dissolving limestone. A stream of 
water passing through a crack in limestone will 


before a drop of rain falls upon the surface.^ Thus 
showers, accumulating on the land, will run off to 
tlie sea in some directions more reafUly than in 
otheii^. Rain, falling on the higher ground in the 
centre of the emerging plane, flowed off towards 
the south-east and formed the Severn. The reader 
will imagine the river to be moving from B to A ii\ 
Fig. 2. 

But it is not to be supposed that a narrow, com- 
pact, deep stream was formed all at once. The 
primeval Severn was probably a chain of iiTegular 
sheets of water. In one place the water would 
spread out into a lake ; in another it would be 
contracted into a broad, shallow stream. But this 
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would not last long. The motion of the water of soft material, such as clay, the slope will become 
would wear away the surface over which it flowed, very gentle, and the valley will be broad and open ; 
As the land rose higher and higher, the speed of but if the rock is hard the sides will be steejier. 
the stream increased, and its excavating power in- We must now come back again to the Severn, 
creased in proportion. Thus, the ancient Severn Our river, flowing down towards the south-east, 
gradually cut out a channel for itself, and an passes over the three distinct formations, soft Wen- 

lock shale, hard Wenlock 

limestone, and soft Post-W en- 

' lock rock. It eats its way 

down into all three indiscrimi- 
nately. Its progress through 

* the limestone is aided by the 

solvent power of carbonic acid, 
and by the direction in which 
y* ' the band is lying. It will be 

noticed that the dip is towards 

S.E N . w the south-east. If it had been 

/ towai*ds the north-west, a very 

diflerent effect would have 
^ ^ been produced, and a water- 

A ' " - ^ might have been formed. 

^ /C y / //y ' y /C ' / But that does not concern us 

///ywx/'////// ////y.y^ 

^ ^ , Where the valley is exca- 

fi b c d 

Fig. 2.— A B is the Plane of Marino Denudation. The Dotted Lines indicate the original Extension vated in the shale, the Blo|)eS 
of the Beds forming one Side of an Arch. The Arrow shows the Direction of the aiver's Motion. i . xr onrl 

(a to &) Post- Wenlock; (6 to c) Wenlock Umestone; (c to d) Wenlock Shale. OOWn DO me nver are lOW auu 

gentle; but as the Severn 






irregulai', meandering chain of pools became a 
narrow, rapid river, confined within its own banks. 

This river-action is to be carefully distinguished 
from the action of the sea. The waves cut hori- 
zontally, like a horizontal saw, producing a level 
surface ; but a river cuts downwards, like a veriical 
saw, causing inequalities in the surface. 

But the primeval Severn was not a simple stream 
of water. It was a main trunk receiving smaller 
streams, called tributaries, and these tributaries, 
like the main current, cut down into the cinist, and 
excavated channels. The excavating power of the 
river and its feeders was aided, 
in the manner described, by frost, 

rain, and carbonic acid. If the ^ 

streams had acted alone, they _ ■ 

would have cut regular trenches 
with vertical sides. These trench- ® ^ 

like valleys are called canons (ato6)F 


approaches the limestone, the valley closes in, and 
forms steep sides, due to the superior haidness of 
the limestone band. Thus the river, which has 
been winding through a plane, suddenly passes into 
a narrow gorge. There has been no cataclasm, or 
deluge, or fracture. The thing has been done by 
Nature in her ordinary gentle mood, without hurry, 
and without convulsion. Thus the river cut the 
gorge. It also helped to form the mountain. 

We must go back again to the tributaries. Some 
of these fell into the Severn in its course through 
the Wenlock shale, others joined it after it had 


I b c d 

Fig, 8. — New Surface produced by Action of the River, 

(a to 6) Poit- Wenlock ; (6 to c) Wenlock Limestone; (e to <D Wenlock fibale. 


(Vol. L, p. 208). In countries 
where rain falls, the river - valleys assume an 
altogether diflerent shape. While the stream at 
the bottom is cutting down deeper and deeper, 
frost and rain are wearing away the sides, so that 
the vertical wall gradually retreats backwards into 
a slope. If the walls of the valley are composed 


passed over the limestone. These tributaries 
excavated the softer rock both above and below 
the haixier band. As the main stream cut iTWMr 
veTsdy clctobs the three zones, deepening its bed 
through all three indiscriminately, the branches, 
assisted by fiDst, carbonic acid, and rain, were 
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hollowing out the shale in lines paraUel to the three 
bands, leaving the limestone standing up as a ridge, 
rhus the Severn also helped to form the moimtain. 
Fig. 3 shows the new surface produced by the 
iction of the river. 

A B is the old plane of marine denudation repre- 
sented in Fig. 2. o d is the present surface of the 
country. The river has cut its way down from 
A B to c D, having i*emoved all that poition of the 
land which is contained by the dotted lines. The 
Severn flowing in the direction of the arrow, passes 


over the shale, enters the limestone gorge at f, 
and emerges at e. Thus the river Severn cuts 
through Wenlock Edge. 

Thus, also, the Avon at Bristol, the Shannon at 
Limerick, the Hudson of New York, have cut 
channels through opposing ridgea Thus, the Med- 
way, the Mole, and the Wey breach the North 
Downs; and the Arun, the Adur, and the Ouse 
caiwe valleys out of the South Downs; and such 
is the usual manner in which rivers cut through 
mountain lunges. 


MOLES AND MOLE-HILLS. 

By Edward R. Alston, F.L.8., F.G.S., etc. 


** WeU Baid, old Mole ! Canat work in the earth so fast P 
A worthy pioneer ! **— Hamlot. 

A MOLE-HILL is such a familiar and common- 
place object, that most jjeople would hardly 
think it worthy of a second thought, unless, indeed, 
it marred the symmetry of some close-shaven lawn, 
in which, case the mole-catcher would probably be 
called in to destroy the hapless constructor of the 
offending hillock. The naturalist, however, views it 
with very different eyes, seeing in it the handiwork 
of one of the most intei’esting of our native mammals, 
one whose habits and structure have long been the 
objects of cai'eful study, and yet one whose economy 
has been widely misunderstood and misrepresented. 

Many quadrupeds, as every one knows, are 
in the habit of constructing burrows in the 
earth, but the vast majority of them — such 
as foxes, mbbits, and prairie dogs — use their 
holes merely as retreats from danger, as 
sleeping-places, as nurseries for their young, 
or as storehouses in which to garner up 
provisions against winter. A very small 
minority, however, spend the greater part of 
their lives in tunnels and passages which 
they excavate beneath the surface, where 
they seek their food, carry on their court- 
ships, and rear their young in utter darkness; 
and to these truly subterranean quadrupeds our 
attention will at present be confined. Most of 
them are rodents, or gnawing animals, which feed 
on the roots of plants; but the most typical and 
highly q)6cialiBed are the insectivorous mammals 
which form the family of Moles, or in scientific 
language, the TalpidiB. These little animals feed 
almost entirely on earth-worms and on the burrow- 


ing grubs of various insects, and they are as re- 
markable for their voracious appetites as for their 
strong passions of love and hatred, and their untir- 
ing energy and vivacity. Consequently, it is neces- 
sary that they should be able to move through the 
earth with much greater ease and rapidity than 
suffices the sluggish vegetarian rodents, and accord- 
ingly their structure is wonderfully modified to give 
them the requisite powers. Let us inspect the 
machine before we consider the work which it pro- 
duces. 

With the external characters of the mole most 
people are familiar, thanks to the mole-catcher’s 
habit of hanging the corpses of his victims on trees 


and bushes. Its almost cylindrical body, its long, 
pointed snout (which is strengthened by a small 
bone), and its broad out-turned fore-paws, are 
evidently admirably fitted to enable it to force its 
way quickly through the most tenacious earth, 
while the smallness of its eyes and external ears, 
and the velvety closeness of its fur, serve to protect 
it from the annoyance which loose sandy soil might 
otherwise cause it But to tuiderstand fully how 



Fig. l.—Mole, Feeding. (From a BkeUihfrm, Naivfe.) 
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tbe mole can do its work, we must examine the 
bones of its fore-limbs and thoulders. These are of 
the shape shown in the figure. The shoulder-blade 
(the ma/puHa,, Fig. 2, a) is long and narrow, but 
strong, while the collar-bone {claeid6,'h), is a thick 
disc, the shape of which has been well compared to 



Fig. 2.— Bones of a Mole's Shoulder and Fore-limb. 
{Afivr Be Blavnville,) 


that of a fishes veiiiebra ; it is only connected with 
the shoulder-blade by ligaments, but (at c) k 
articulates with the greatly-produced front pairt of 
the breast-bone (the prestemum). The upper arm- 
bone or humerus (d) is exti^emely short and stout, 
and is so covered with great ridges for the attach- 
ment of muscles that it appears to be quite deformed; 
besides the ordinary joint with the shoulder-blade 
it has a separate articulation with the collar-bone, 
an arrangement which adds enormously to the 
power of its lateral stroke in digging. The fore-arm 
bones (radius and vlna, e, f) are also short and 
strong, and the latter has a greatly-developed elbow- 
process or olecramon (g). The hand is expaiided 
into a broad, powerful spade, the breadth of the 
palm being increased by a special additional bone 
(the radial sesamoid, or os falc^orme^ h), which 
runs along its curved inner edge. Imagine this 
framework clothed with muscles of corresponding 
power, and armed with short strong claws, and you 
have a digging-machine most excellently adapted to 
enable the animal to pursue its subterranean prey 
with ease and rapidity. How it is used may be 
seen by any one who can contrive to catch a live 
mole, and to place it uninjured on the ground. 
Immediately it plunges its sharp snout into the 
earth, two or three powerful side-strokes of the 
fore-paws suffice to bury most of its body, the hind- 
feet give a comical kick in the air, and the whole 
creature disappears from view with a rapidity which 
is absolutely startling. 

The small heaps of loose soil which we term mole- 
hills do not mark the residence or home of the 
animal, being merely composed of the material 
which it excavates in the formation of its temporary 


passages in pursuit of its prey. Its true home, or 
fortress,” as it has been termed, is placed at some 
distance from its usual hunting-grounds, with which 
it communicates by one or more permanent passages 
or high roads,” and consists of a spherical chamber, 
usually about five or six inches in diameter. In 
almost every book on natural history will be found 
plans, elevations, and descriptions of a mole’s 
fortress, representing it as being constructed on a 
beautifully symmetrical design. In these books the 
central chamber (Fig. 3, a) communicates by three 
ascending passages with a circular corridor at a 
somewhat higher level (6), which in turn has five 
equi-distant descending tunnels leading to a lower 
concentric circular gallery of a wider radius (c), 
from which the outer roads or passages diverge, 
while an additional dipping shaft (d) leads from the 
bottom of the chamber and opens into the principal 
avenue. Nothing can be more beautiful, but 
unfortunately we find on investigation that the 
whole story has been copied, along with the illus- 



Fig. 3.— Conventional Plan and Elevation of a Mole'i ** Fortre8s»*’ 
as given in Books. 


tmtions, by one writer from another, without any 
one having taken the trouble to verify it. It appears 
to have originated with Le Court, a French gentle- 
man who retired to the country during the troubles 
of the first Revolution, and devoted the rest of his 
life to the study of the mole. His observations, 
many of them valuable, but some of them certainly 
erroneous, were published by De Vaux, and by the 
elder Geoffroy St. Hilaire, and subsequent zoologists 
appear to have accepted all his statements without 
any test of their accuracy. Whether Le Court 
figured the habitation of some mole of genius — some 
talpine Euclid or Vauban-^or whether (as appefurs 
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to us more likely) his national love of symmetry 
and beauty led him to improve on Nature, there 
is no doubt that ordinary moles content themselves 
with much simpler dwellings. Those which we have 
had an opportunity of examining have consisted of 
a large hillock, perhaps three feet in diameter, and 
about half as high, overgrown with herbage and 
sheltered among stones, fences, or roots of trees. 
The nest, or chamber, is placed near the middle of 
the hillock, just below the level of the surrounding 
ground, and has various passages branching irregu^ 
larly from it. These are usually connected with 
one another at no great distance from the chamber 
by crossTuns which, sometimes, but not always, 
assume a more or less circular form ; but we have 
never seen anything approaching to the regular 
system of concentric circles shown in the con- 
ventional plana. We are indebted for the sketch of 
the section of a mole’s fortress from which the 


of the superhcial runs which the male makes in 
spring in pursuit of the female. 

We have already said that earth-worms and the 
grubs or laiwse of certain insects constitute the 
principal food of the mole, and the quantity of 
these which each individual destroys must be enor- 
mous. Blasius states that a mole will consume 
its own weight of food daily, and from observa- 
tions on one kept in confinement we are convinced 
that this is no exaggeration. But the animal hy 
no means confines itself to its usual bill of fare ; 
often, especially in warm nights in summer, it 
ventures out of its burrows and comes on the 
surface in pui'suit of snails and slugs. If a mole 
meets with a snake or a frog on one of these excur- 
sions it attacks it with the gi’eatest fury, and 
drags the struggling reptile down into its den, to 
be devoured at its leisure. Like most insectivorous 
animals, it always attacks from behind, and its 
favourite morsel api)ears to be the entrails of 
its victim. The caj)tive mole alluded to above 




killed and devoured several frogs, which he 
always fii*st seized by the hind legs ; and Blasius 
has witnessed similar attacks in a state of 
nature. Toads are rejected, but mice or shrews 
are at once seized, and other moles when slain 
in battle are promptly devoured by the con- 
(jueror. With this fierce and voracious api)otite 


■ ■ ~ the mole is singularly incapable of supporting 

Pig.4.-Seotion<,faMole-s“Fort™,.i." (From a SketcfcAml^otm.) hunger-twelve hours’ deprivation of food is 


accompanying figure is drawn to the courtesy of 
Mr. F. Norgate, who has paid much attention to 
these animals, and has published some interesting 
notes on their habits, ♦ 

The ^‘high roads,” or avenues, to which we 
have already alluded as forming the communication 
between the citadel and the hunting-grounds, are 


said to be fatal. It may bo conceived, there- 
fore, that it has to work hard for its living, and 
this is especially the case in winter, when its prey 
is driven to a greater depth than usual by the 
cold, and it is obliged to form new runs in pursuit. 
Its labouns at this season may often be traced by 
the fresh mole-hills thrown up tlii’ough the frozen 
earth and snow. 


permanent ways, the walls and floors of which are 
beaten hard by the constant passage of the animal. 
From the high road diverge the alleys ” or tem- 
porary tunnels which the mole forms in pursuit of 
its prey, and it is over these that our well-known 

mole-hills ” are usually made. In forming its 
permanent passages the mole seems to avoid throw- 
ing up hillocks, working slowly, and getting rid of 
the soil by compressing and beating it down rather 
than by biinging it above ground. But when 
engaged in the chase the animal comes to the sur- 
face every now and then and throws out the super- 
fluousearth; and the same is the case in the formation 

* ** Transactions of the Norfolk Snd Norwich Naturalist’s 


During the greater part of the year, the mole 
lives a strictly solitary life, confining itself mostly 
to its own fortress and hunting-grounds, and fiercely 
nisisting any invasion by its neighbours,- althougli 
portions of the same high roads ” may be used 
by several individuals. Early in spring, however, 
the male begins to seek the company of the fair 
sex, and often engages in deadly single combat 
with a rival suitor. The female brings forth four 
or five young ones (rarely six, or even seven), for 
which she prepares a special nest, usually at some 
distance from the citadel. There ap|X)ars to be but 
one broody in the year, although young moles are 
to be found at various times, from April till Mid- 



summer. 
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Althong]! it is now well known that our com- appear to be almost as adept excavators as their 
mon mole has keen, though very minute, eyes, yet sable cousins. 

the older naturalistB had something to go on when Turning to the great order of Rodents, or gnaw- 
they described it as blind, for the mole of Southern ing animals, we find a few forms which are of 
Europe— the only one known 


to the classic writers — ^has its 
eyes covered by a continuous 
though very thin and semi- 
transparent skin. In general 
appearance this blind mole^ 
very much resembles our 
native species, and its habits 
are described as similar. Its 
runs and alleys are said, how- 
ever, to be shallower, and it is 
stated by some writers not to 
make any mole-hills. Several 
other species of Talpidce are 
known from the more northern 
parts of Asia, and a few allied 
forms are natives of North 
America, but no true moles 
81*0 natives of South America, 
India, or Africa. In the south 
of the latter continent their 
place is occupied by the so- 
called golden moles,” which 
differ considerably in their 



Fig. 6w— The Mole-Bat (Spalax tj/phlus). 


structure, and constitute a distinct family — ^the strictly subterranean habita But as these are not 
ChryBoMoridce, They resemble the true moles in carnivorous, it is not necessary that they should 


their general form, but have almost rudimentary 
tails, and their fur has a curiously brilliant 
metallic lustre, whence they derive their name. 



1^. 6.— BqnM of 


In the structure of their fore- 
limbs they differ much from 
the Talpidce ; their shoulder- 
blades and collar - bones are 
formed more on the usual model, 
but their fore-paws are very 
peculiar. One of the small 
bones of the wrist (the pm- 
forms) is developed into a 
long shaft, which runs up to 
the elbow and seems at first 
sight to be a third fore-arm 
bone (Fig. 5, a), while of the 
four digits the two middle ones 
(ii. III) are developed to an 
unusual size, especially the third 


finger, which is armed with an enormous deeply- 
cleft claw. Such a fore-foot is evidently a 


powerful digger, and accoi'dingly the golden moles 


• The TdKpOL caeca of Savi. 


possess the rapidity of underground movement 
essential to the mole ; and, in consequence, we find 
no such extraordinary modifications of the bones of 
the fore-limbs as we have considered above. Their 
bodies, however, are always more or less cylindrical; 
their eyes and external ears very small, or even 
rudimentary ; their limbs short but powerful ; and 
their fore-claws strongly developed. One of the 
most typical genera is composed of the mole-rats, the 
best-known species of which {Spalax typhlua^ Fig. 6) 
is common in Eastern Europe. In this animal, 
as in the Italian mole, the eyes are not only ex- 
tremely minute, but are covered by the skin. Like 
the moles, it forms long branching galleries, of which 
those used in feeding run close under the surface, 
so as to intersect the roots of the plants which grow 
above. These roots are severed by the mole-rat’s 
great incisor teeth, and the more succulent kinds 
are devoured, while the fibrous parts of others are 
carried off to form its nest, which is placed at a 
greater depth, for safety. Unlike many other 
rodents, it neither hibernates nor lays up a store 
of winter food, at that season it seeks deeper- 
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rooted plants on wUcli it can feed below the 
stratum of fix>zen earth, or, in default of such, 
it forms superficial runs under the protection of 
the snow. Belonging to the same fSamilj as the 
mole-rat are several other genera, all of which ap- 
pear to have very similar habits, although some 
are less exclusively subterranean than others. The 
coast-rat of South AMca {BaUiyergm mcmtimtis) is 
called zand-moUf or sand-mole,” by the Dutch 
Boers, and presents a curious analogy to the golden 
moles of the same country in the prismatic reflec- 
tions which adorn its fur in a live state. It inhabits 
the sandy plains near the coast, where it forms great 
systems of branching galleries, diverging from a 
central point. These are often very dangerous to 
travellers, the ground being so undermined that it 
often gives way under a horse’s feet, and causes 
it to fall heavily with its rider. The coast- 
rats are also most destructive beasts when they 
invade cultivated ground, in which case the Boers 
are in the habit of destroying them by means of 
a spring-gun, trained so as to enfilade a run, and 
discharged by a cord connecting the trigger with 
a turnip, or some other similar bait. Another 
North African genus {Heterocephcdus) is peculiar 
in having the entire body almost totally naked, 
only a few scattered and very minute hairs being 
present 

In North America we find subterranean rodents 
belonging to quite a distinct family (the Geomyidm)^ 
and known as gophers, pouched-rats, or salamanders. 
Their most striking peculiarity, which they shai*e 
with a few terrestrial allies, is the possession of 
cheek-pouches, which open on the lower side of the 
jaw, outside of the lips, and which have no connec- 
tion with the cavity of the mouth. These are used 
by the gophers to convey their food to their dwellings, 
and also, as some writers assert, in removing the 
refuse soil from their burrows; but the latter state- 
ment seems to require confirmation. The species 
most recently observed has been the Florida gopher 
(Geomya tuza)^* which abounds in the ^^barrens” and 
cultivated grounds of Georgia, Florida, and Alabama. 
Its ^^runs” form subterranean labyrinths, the posi- 
tion of which is indicated by the lai^e heaps of sandy 
soil which it throws up at intervals of three or four 
feet, and so rapidly are they excavated, that Pro- 
fessor Brown-Goode has seen thirty such hillocks 
thrown up on the line of a tunnel in the course of a 

* The beft aoommt of the habits of these curious auimals 
b horn the pen of Professor Brown-Goode, published bj Dr. 
Elliott Coues, in the report of the United States Suxv^ of the 
Colorado Birw. 


single night Side^pasaages from the main oonidom 
lead to large chambers, some of which are lined with 
grass and leaves, and used as nests, while othm serve 
as store-rooms, in which supplies of food are amassed. 
The gophers are particularly fond of sweet-potatoes, 
and nothing delights them more than to gain access 
to one of the thatched heaps in which agriculturists 
are in the habit of storing these esculents. The 
salamanders are cunning enough not to throw up 
sand-heaps in the vicinity of these potato-heaps, 
but remove the loose eaa*th into their old tunnels. 
When they once get access to the ^ tater-hake,’ they 
quickly remove its contents, and tb.e owner wakes 
up some morning to find his a hollow pre- 
tence.” By keeping gophers in confinement. Pro- 
fessor Brown-Goode was enabled to observe their 
method of burrowing, which appears to be veiy 
similar to that of the mole. They grub the earth 
with their noses, and shovel it away with their 
strongly-clawed fore feet, scratching at the same 
time with their hind feet so vigorously that the 
soil is cast several inches behind them. Boots or 
twigs are soon disposed of by their large and tren- 
chant incisors. When a certain amount of loose 
earth has accumulated, the animal turns round, 
joins his fore-paws before its nose, transmutes 
himself into a sort of wheelbarrow,” md pushes 
the soil before him till he reaches the nearest heap, 
where it is thrown up on to the surface. They 
appear to be dull and stupid beasts, but are ex- 
tremely pugnacious, the males engaging in single 
combat with wonderful ferocity. 

South America presents us with another remark- 
able form of burrowing rodent, belonging to a totally 
distinct family from either the mole-rats or the 
gophera This is the genus Ctenomys, one of the 
Octodontid<e» Several species have been described, 
the best-known being the Tucotuco {C, brctziliensis). 
the habits of which have been carefully observed 
by the greatest of modem zoologists. Mr. Darwin 
found the animal extremely abundant near Maldo- 
nado, in the Argentine Bepublic. A stranger to 
that country is often greatly astonished and puzzled 
at hearing a strange sound, apparently produced 
quite close to him, without there being any cover 
at hand to ccmceal the producer. The sound is a 
short grunt, repeated four times in rapid succession, 
and in constant musical time, and is imitated by the 
cyllables tti-co-Pu^o. It is the voice of a small rat- 
like rodent, uttered in its burrow, possibly just below 
your horse’s feet. The Tucotucos prefer diy and 
sandy soils in general, though they are sometimes 
found on the borders of lakes, and feed on various 
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roots, in search of which they make their extensive 
burrows dose beneath the surface of the earth. 
They throw up small hillocks, less than an ordi- 
nary mole-hill, and are said to store up supplies like 
the gophersi whose habits we have already.noted. 


Such are the principal types of mammals which 
lead a truly subterranean life. Those which live in 
burrows, but come habitually to the surface in search 
of food, are not less interesting; but present too 
large a subject for our present consideratioxL 


THE MARINER’S COMPASS. 

By William Dukham, F.E.S.E. 


early knowledge of elementary scientific 
X facts, and the slow progress of their investi- 
gation and practical appUcation to the wants of 
civilised life, are well illustrated in the history of 
the compass. 

The ancient Greeks and Romans were quite aware 
of the attracting power of native iron magnets, or 
loadstones, and also that this power could be com- 
municated to iron, and retained by it for a length of 
time. No one amongst them, however, had ever 
noticed the behaviour of an elongated bar of magnet- 
ised iron suspended by a cord or floated in water, 
and to this oversight must be attributed the lateness 
of the discovery of terrestrial magnetism,*’ and the 
long period that elapsed before the compass was 
used by Europeans as a guide over the trackless 
paths of ocean. 

That remarkable people, the Cliinese, seem, how- 
ever, at a very early date, to have used the directive 
power of the compass to guide them in their journeys 
over the vast plains of Tartary. They made little 
images, whose arm, moved by a freely suspended 
magnet, pointed continually towards the south. An 
apparatus of this kind, called faenan, or indicator 
of the south,” was presented to ambassadors from 
Cochin China, to guide them in their homeward 
journey, 1 , 100 years before our era. The knowledge 
the Chinese thus possessed seems to have gradually 
ti’avelled westward by means of the Arabs and 
Crusaders, but it was fully 2,000 years afterwards 
before it was fairly applied among the nations of 
Western Europe. 

Since then, owing to its practical value and scien- 
tific interest, terrestrial magnetism has formed one 
of the most attractive and, at the same time, most 
difficult subjects of scientific investigation, and 
promises to lead to results of the highest import- 
ance in our knowledge of the arrangements of 
Nature. 

The immense stimulus which the application of 
the compass gave to navigation, and consequently 


to intercourse between distant lands, may be appre- 
ciated when we remember that, before that, sailors, 
having only the positions of the sun and stars to 
guide them, were completely bewildered when these 
were hid by clouds or storms, and consequently were 
afraid to venture on the open sea away from the 
sight of land. 

In a seafaring nation like our own, the ‘‘maiiner’s 
compass ” is an object familiar to almost every one, 
and may be very briefly described. 

A magnetic needle is attached to the underside 
of a circular card of some semi-transparent substance^ 
such as talc. On this card is engraved a radiating 
diagram, dividing the circle into thirty-two parts, 
called points. The needle, with the card attached, is 
delicately balanced on a central pivot, round which 
it is free to move in a horizontal plane. The posi- 
tion of the card, of course, indicates the position of 
the needle below. 

The needle and its support are inclosed in a 
small metallic box, which is hung so as to preserve 
its horizontal position notwithstanding the rolling 
or pitching of the ship. This is accomplished by 
means of gi/mbah, which are two metallic rings one 
within the other; the compass-box is swung on 
the inner ring by two small supports diametrically 
opposite, and the inner ring is, in its turn, sup- 
ported on the outer one 
in a similar manner, 
but the points of sup- 
port are at right angles 
to those of the box, as 
shown in Pig. 1, where ® 

A A are the supports 
of the compass, and b b 
those of the inner ring. 

The whole is fixed in k 

thetopofastro^case, 
called the birmacle, 

finnly eecared to the deck of the ship. The bin- 
nacle has a pane of glass in front by which light 
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may be admitted at night to iHnmiaate the interior. 
Hie vh<de is shown in Fig. 2, k being the glass in 
frcmt. 

In the practical use of the compass it is neoessaiy 
that we should know and guard against certain 
disturbing influences on its direction, lest the very 



Fig. 2.— Compass in the Bixmade. 


means the unwary sailor takes to insure his safety 
may lead to his shipwreck and death. One or two 
experiments will make these plain. 

(1) If another suspended magnetic needle is 
brought near the compass, we shall And that the 
ends of the two needles which point northward 
will repel one another, while the end of the one 
needle which points south will aiUrcKt the end of 
the other which points north. 

(2) If any piece of iron or steel is brought near 
either end of the compass-needle, the latter will 
be attracted out of its proper direction. This we 
know to be due to what is called the inductive 
power of the magnet acting on the iron, and en- 
dowing it with temporary magnetic power, when 
mutual attraction is set up. 

These actions between magnets and iron are 
exactly analogous to those between electrifled 
bodies, 

(3) If any piece of bard iron or steel is allowed 
to remain in contact with a magnet for some time, 
it will acquire the properties of a permanent magnet, 
and be capable of attractmg or repelling the poles of 
the compass-needle as described above. 

These three experiments point out at once the 
manner in which the earth acts on the direction of 
the compass, and the source of those disturbing 
influences to which we have referred As the com- 
pass-needle always swings round to its north and 
south direction when it is free to move, it is 
evident that the northern part of the earth 
possesses the pn^rties cS the south-pointing pole 
of the needle, as it attracts the north pole, and also 
that the southern part of the earth possesses the 


properties of the ndrth pole of the needle : that it is, 
in fact, just a large magnet witii the poles turned 
in opposite directions to those of the compass, or, to 
use a common expression, “turned end for end” 

The earth, therefore, is capable of inducing tem- 
porary or permanent magnetism on iron or steel, as 
described in experiments (2) and (3). 

As many of our ships aie entirely built of iron, 
and all of them contain more or less of that metal 
in their structure, it becomes a question of great 
importance to know how to avoid the danger of any 
magnetism, temporary or permanent, induced by 
the earth’s action, so disturbing the direction of the 
compass as to mislead the navigator. 

The inductive action of the compass-needle it- 
self can be pretty well guarded against by having 
it small and placed at such a distance from any 
ironwork that its eflect may be practically of 
no moment. 

The earth’s action, however, cannot be so easily 
disposed of, and various methods are adopted for 
correcting the compass so as to know the true 
direction due to the earth’s magnetism acting 
directly on the needle. To correct for any perma- 
nent magnetism, the ship is brought into such a 
position that the needle points to the true magnetic 
north and south, or is in the magnetic meridian of 
the place of observation ; the ship is then turned 
gradually round on its centre as a pivot, turning, 
say, from north to west j if there be any permanent 
magnetism in its iron the compass will be moved 
gradually away from its position towards the one 
side or other of the meridian. As the vessel 
gradually turns towards the south, the needle also 
will gradually regain its flrst position ; again, as the 
vessel continues turning towards the east, the needle 
will deviate in the opposite direction to its former 
movement, again returning to the magnetic meridian 
as the ship returns to its flrst position. The arc 
which the end of the needle thus describes to the 
one and the other side of the magnetic meridian is 
a measure of the magnetism of the ship, which can, 
therefore, be allowed for when obs^ations ai'e 
made at sea. The correction for temporarily induced 
magnetism is a much more difficult problem, as 
that is continually changing in amount and direc- 
tion, according to the relative position of the ship, 
its cargo (which may be composed of magnetic 
material), and the magnetic lines of force of the 
earth. The principle employed, however, may be 
explained as follows, ^e variation of the com- 
pass caused by the influmice of the vessel and its 
cargo having been determined in the maunAr just 
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described, the oompaas is taken on shore, and placed 
upon a wooden pillar capable pf being turned round 
in a horizontal plane in the same manner as the 
ship ; pieces of iron are inserted in this pillar in 
such a way that their effect on the compass, when 
the pillar is turned round on its axis, is exactly the 
same as that produced by the ship, kc. The pillar, 
and the compass on it, are now both transferred to 
the ship, and if the latter is now turned round as 
before, it is evident the effect on the compass will 
be doubled. To know, therefore, the amount of 
correction requisite at any time, it is only necessary 
to note the position of the compass, and then remove 
the iron from the pillar, when, of course, the needle 
will go back towards its proper direction. The 
amount it goes back just requires to be doubled to 
give its true position. Thus, if it goes back 2°, 
its true position is 4° from that observed before the 
iron of the pillar was removed. 

Having pointed out the precautions necessary to 
be taken in the use of the compass as a guide, we 
now come to the consideration of ^‘terrestrial 
magnetism,” on a correct knowledge of which the 
value of that instrument mainly depends. If the 
earth were a regular magnet, like a symmetrical bar 
of magnetised steel, the compass would everywhere 
be directed due north and south ; the magnetic 
and geographical meridians would coincide, and 
there would be no declination (Vol. II., p. 3). 
It was early discovered, however, that no such 
simple arrangement obtained, but that the compass 
almost everywhere deviated more or less from the 
true north and south directions. In this country 
it points about 23 ° west of the true north. The 
discovery of the fact was at first hailed as of 
immense importance to navigation; it was imagined 
the longitude of a ship at sea might be determined 
by the declination of the compass alone. It is said 
tl^t Sebastian Cabot boasted on his death-bed of 
having this knowledge through “special divine 
manifestation.” The idea of the early navigators 
can be readily understood. In 1492 Columbus dis- 
covered in the Azores a position of fio declination^ 
or where the compass pointed due north and south, 
and it was imagined that the declination increased 
in a regular manner from this position. Suppose 
the compass deviated one degree for each 100 miles 
east or west from this point, then the mariner 
could easily tell how many hundred miles he was 
distant from the point, by noting the number of 
degrees the compato had deviated. 

As observations on declination were multiplied, 
however, the hope of the early navigators was 


dissipated, for it was found that the phenomenon 
was exceedingly irregular ; and if the points of equal 
declination were joined by lines, after the manner 
of geographical meridians, as laid down in maps, 
these lines were of an exceedingly irregular and 
wavy form, so that the declination of the compass 
at any particular spot could only be known by 
actual observation, and until the whole surface of 
the world had been mapped out the declination of 
the needle could not be used as an exact indicator 
of the longitude. 

In 1576 Robert Norman directed attention to 
the dipping-needle a means of investigating the 
distribution of the earth^s magnetism. This instru- 
ment measures, not the deviation of the needle from 
tl^ true north and south line^ but the inclination or 
angle which its deviation makes with the horizontal 
Urn, when it is free to move in a vertical plane 
(Vol. II., p. 3). 

This method may be understood if we observe the 
behaviour of such a needle when placed in various 
positions over a large bar-magnet. When at the 
centre it will have no dip, but be quite horizontal ; 
but as it is carried towards either pole it will incline 
more and more, until it becomes vertical at the poles 
themselves. Fig. 3 will illustrate this. The middle 



Fig. 3.— niostrating Direction of the Dipping-Needle. 

point, where the needle is horizontal, may be termed 
the magnetic equator. 

Investigating the earth’s magnetism in this way, 
it was found that the inclination generally increased 
from the equator to the poles, and sanguine hopes 
were entertained that the latitude might be detei> 
mined by its means : just as similar hopes had been 
entertained regarding the determination of longitude 
by means of the declination ; but the same cause 
dissipated the hope in both directions — viz., the ex- 
treme irregularity of the distribution of the earth’s 
magnetism. The lines forming the points of equal 
inclination were found to be as irregular as in the 
case of declination, and the magnetio equator was 



174 


SOIENOB FOR ALL. 


Aot a large regalar drde ooinddmg with the geo- 
graphical, but passedroundthe globe, sometimesnorth 
and sometimes south of the latter, and cutting it in 
two, or perhaps four, places, but not coinciding with 
it to any extent. Locally, however, the inclination 
may be, and has actually been, used by vessels in 
darkness or mist to determine whether they w^ 
north or south of a port they wished to enter. 

By the aid of the dipping-needle, however, the 
positions of the north and south magnetic poles or 
points, where its direction is vertical, have been 
determined. The north magnetic pole is found to 
be in latitude 75® 5', and longitude 96® 46' west, 
and the south pole in latitude 75®, and longitude 
138® east. They are not, therefore, diametrically 
opposite, and no straight line can be drawn between 
them and referred to as a magnetic axis analogous 
to the geographical axis of the earth. 

The two methods of investigation just described 
depend on the directim of the ne^e; a third 
method, however, due mainly to the illustrious 
traveller Humboldt, remains to be mentioned. This 
has reference, not to the direction, but to the irUeimty 
of the magnetic force at different parts of the earth’s 
surface. If we cause a magnetic needle to oscillate 
backwards and forwards near a large magnet, we 
shall find these oscillations to increase in rapidity 
as the needle approaches the magnet or as the 
strength of the magnetism incimses; and we know 
that the force increases in proportion to the square 
of the number of oscillations in a given time* Thus, 
if at one place of the earth’s surface the number of 
oscillations is ten, and at another seven in the 
same time, we know that the force at the one place 
is to the foix^ at the other as one hundred is to 
forty-nine, or as two is to one, nearly. 

The results obtained by investigating the distribu- 
tion of terrestrial magnetism by this method agree 
with those obtained by observing the declination 
and inclination, for while the intensity generally 
increases from the equator to the poles, the increase 
shows the same irregularity as observed in the other 
{dienomena. 

The study of these various phenomena is greatly 
complicated by the fact that none of them is con- 
stant; they are all subject to incessant change, 
mostly of a regular periodic character : that is to say, 
the needle does not always exhibit the same declina- 
tion or inclination, nor does the intensity of the 
magnetic force always remain the same at the same 
place. These changes are ceaseless and complicated, 
and their study is attended with great difliculty; but 
as the result of many careful observations, it appears 


that some of them depend on the time of day, some 
on the season of the year, &c., while others of a 
sudden and irregular character, when the needle is 
simultaneously affected over thousands of miles of 
the earth’s surface, appear to coincide with the out- 
burst of spots upon the sun’s surf^ In the northern 
hemisphere the north pole of the needle commences 
to move westward about 8 A.M., and continues to do 
so till about 2 p.m., when it turns suddenly, and 
moves back again towards its starting-point, which 
it reaches about midnight. During the night it 
repeats the movement, although on a smaller scale. 
So regular is the movement, that between the tropics 
the hour of the day may be known from the position 
of the compass-needle. Recently another movement, 
of an analogous nature, but which takes twenty-six 
days to complete, has been recognised ; this time is 
just about the same as the sun takes to go round its 
axis. Another periodic movement seems to coincide 
in time with the eleven-years j)eriod of maximum 
and minimum sun-spots. 

Besides these whose periods have been recognised, 
there is a slow secular change, which has been going 
on for nearly 300 years, but whose cycle is not yet 
complete. Thus, in 1657 the compass-needle pointed 
due north and south at London ; since then it has 
gradually turned westward, and in 1800 it pointed 
24® 36' W., and it is now as gradually returning 
to the east again. The following table exhibits the 
character of the change, which is of the same 
nature as those of the shorter periods. 


Change of Declination at London. 


Tear. 

Deolination, 

Year. 

Deolinatioxu 

1580 

11® 

17' E. 

1760 

19® 

30' W. 

1622 

6 

12 

1774 

22 

30 

1634 

4 

5 

1790 

23 

39 

1667 

0 

0 

1800 

24 

36 

1666 

0 

34 W. 

1806 

24 

8 

1672 

2 

30 

1816 

24 

7 

1700 

9 

40 

1820 

24 

11 

1720 

13 

0 

1831 

24 

0 

1740 

16 

10 





The cause of terrestrial magnetism is not yet 
satisfactorily explained. It is evident that we 
cannot consider the earth as a body regularly mag- 
netised, but rather as made up of an indefinite num- 
ber of small magnets, the general result of' whose 
action is directed north and south. Until lately, 
it was supposed that only iron, nickel, and cobalt 
were capable of exhibiting magnetic phenomena, and 
the magnetism of the earth was attributed to large 
masses of ihese existing in the interior of the globe ; 
and, no doubt, there are laige mountain masses 
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capable of acting powerfully on the magnetic needle. 
The researches, however, of Faraday, Weber, and 
l^dall have established the fact that all substances 
are capable of being rendered magnetic, and the 
phenomena exhibited seem to depend more on the 
physical state, as regards pressure, Ac., than on the 
chemical nature of the substance. We may, there- 
fore, suppose either that, owing to pressure, Ac., the 
whole body of the earth is rendered magnetic per- 
manently, or that it is rendered temporarily so by 
the inductive action of some body external to itself. 
There is one great difficulty in the way of such ex- 
planations, however, in the fact that all traces of 
magnetism disappear from all substances at a high 
temperature. Thus, iron at a bright red heat ceases 
to give the least indication of its presence. As the 
interior of the earth must be at a very high tem- 
perature, it is difficult to understand how it could 
become magnetic, unless the great pressure modifies 
the action of heat on magnetism to a large extent* 

Many theories have been advanced to account 
for the variations in the magnetic elements of 
declination, inclination, and intensity which we 
have noticed, but none are satisfactory and com- 
plete. It is very evident, however, that in this, as 
well as in many other of the grander phenomena 
of Nature, we must not confine our attention to the 
earth itself, but must consider the action of external 
bodies, and especially that of the great centre of 
the solar system. The coincidence in time of many 
of the variations with solar phenomena iiTesistibly 
leads us to attribute to its action much of what we 
observe, and we shall point out one or two ways in 
which that action may be exercised. First, we 
may suppose the sun itself to be a magnet acting 
inductively on the earth, and of course his varying 
condition, distance, and relative position, would 
produce corresponding changes in the earth’s mag- 
netism. To this explanation there are. However, 
great objections. From the fact we have mentioned 
— of a high temperature destroying the power of 
magnetism — it seems almost impossible to conceive 
that such a body as the sun can be magnetic ; and, 
besides, it has been proved, from a mathematical 
investigation of the subject by Messrs. Chambers 
and Stoney, that the variations observed in the 
earth’s magnetism cannot be accounted for by the 
magnetism of* the sun or moon, supposing these 
bodies to be magnetia 

It woiUd seem, therefore, that the sun cannot 
act in this direct manner. It may act, however, 
indirectly by means of the heat which it radiates 
towards the earth’s surface. If we take a ring 


composed of two metals— say iron and copper-^ 
joined at two points, and heat one of the 
junctions while the other is kept cool, we iffiall 
find that a current of electricity will circulate 
round the ring. Now we know that a current of 
electricity passing in this way acts exactly like a 
magnet. 

It is supposed that the sun acts in this way on 
the earth as it revolves, causing currents of electri- 
city to circulate on its surface, producing magnetic 
action. Although these currents have been proved 
by observation really to exist, yet on measuring 
them accurately they also are found totally inade- 
quate to explain the phenomena observed. 

One of Faraday’s most brilliant discoveries — 
that oxygen gas, which composes about a fifth of 
our atmosphere, was really capable of being I'en- 
dered magnetic, like iron — was eagerly seized upon 
as a possible cause of magnetic variation. He 
found that the amount of magnetism induced upon 
oxygen depends on its density; that, again, depends 
on its temperature, as it expands when heated, and 
becomes, of course, less dense. It was conjectured 
that, being expanded by the sun’s heat, its lessened 
magnetic inductive power would react on terrestrial 
magnetism, and produce the variations observed in 
the latter. This ingenious explanation cannot be 
considered as more satisfactory than those already 
mentioned, as many of the phenomena to be ac- 
counted for do not occur at the time nor to the 
extent we should expect if the explanation were 
complete. 

Recently, Professor Balfour Stewart has suggested 
another possible mode of the sun’s indirect action. 
We know that if any body is moved across mag- 
netic lines of force (Vol. IL, p. 3), electricity is 
developed ; and he says that the sun’s heat causes 
convection-currents in the upper regions of the 
atmosphere, and these currents, cutting through 
the lines of force of the earth’s magnetism, develop 
electricity, which reacts on the earth and produces 
the variations of the magnetic elementa 

There is no doubt the sun’s heat may, and pro- 
bably does, afiect the condition of the earth’s 
magnetism in the indirect ways we have noticed ; 
but no one of them, nor all of them together, seem 
to offer a satisfactory solution of this very complex 
problem. They offer no explanation of that slow 
secular movement we have referred to as having 
been observed since 1580, and whose cycle is not 
yet completed. There is also a difficulty in the way 
of all heat theories in the fact that there is welh 
marked variation in the earth’s magnetism, due to 
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the moon’e influ^oe; and as the heat from that 
satellite is quite inappreciable^ it seems impossible 
that the explanation sought can be found in that 
agent. 

It must be admitted that our knowledge of 
^^terrestrial magnetism” is confined entirely to 
the observations made in various parts of the earth, 
and these are by no means complete. We have 
not as yet mapped out the distribution of the 
earth’s magnetism over its whole surface, but only 
at isolated stations. We can but hazard a pro- 
bable conjecture as to the cause of the magnetism 
itself; but as to its variations, we must confess 
that all our theories fall short of a complete, 
explanation. 

The study of the mysterious movements of the 
oompass-needle has thus led us over a wide field of 
inquiry ; it has shown us that the earth is indeed 
magnetic, but presenting the phenomena of an 
indefinite collection of small magnets iri*egularly 
distributed rather than those of a regular large 
magnet ; it has shown us also that the magnetism 
is subject to incessant wave-like movements, some 
of them taking hundreds of years to complete and 
others only a few hours. We are obliged to confess 


our inability to unravel all the mysteries disclosed 
to us, but we are urged by the attractiveness of the 
inquiry to pursue our investigation. We feel 
assured that the sun is in some way connected by 
a magnetic bond to this little world of ours, as 
every movement he makes or outburst that takes 
place on. his surface is instantly registered by the 
tiny needle. Possibly, there may be some hitherto 
unrecognised form of solar energy yet to be dis- 
covered by the student of science ; but whether this 
be so or not, the close connection, if not absolute 
identity of electricity and magnetism, the probability 
of light being a magnetic phenomenon, and various 
other matters, render the inquiry full of promise. 

Owing to its practical value in navigation, many 
Governments have lent their aid in investigating 
this subject, and numerous observatories have been 
established all over the world, where thousands of 
observations are made every year by competent 
workers ; and it cannot be long before Nature will 
yield up her secret, as she always does, to persistent 
and well-directed efibrt, and then another field will 
have been wrested from the region of the unknown, 
and added to the ever increasing domain of physical 
science. 


SPIDERS^ WEBS. 

By Abtuub G. Butleb, F.L.S., F.Z.S., etc., Biutisu Museum. 


M ost persons have often seen the geometric 
web of our commonest genus of spiders, 
and in all probability the majority of them have 
regarded it with disgust, neither knowing nor 
caring to know how it was constructed, but de- 
spising it as the work of a creature which is almost 
universally looked upon with feelings of loathing, and 
forgetting that nothing which exists is too mean for 
study if it be the workmanship of a perfect Creator. 

Moreover, in the present age of inquiry it does 
not suffice for any thoughtful person to be contented 
to know merely that this thing or that exists as a 
manifestation of the operation of natural laws ; he 
must also ask himself how the result which he sees 
has been arrived at, by clear reasoning and patient 
investigation expanding his mind, and thus render- 
ing him a better and more intelligent companion to 
his fellow-men. 

Let us suppose, then, that our readers are un- 
oonscious of any fact in relation to the spider except- 
ing that it m^es a web ; they ar^ nevertheless. 


anxious to leam, not slow to observe natural phe- 
nomena, and patient in unravelling all mysteries 
which obscure their mental vision. To these I 
offer the results of some years’ study of the various 
spiders common to our gardens, beginning with the 
commonest and best-known species (Upeira dior 
demata), the constructor of the familiar geometric 
web. 

The first thing that puzzles the observer as he 
strolls round his garden is the fact that the direction 
of the webs indicates, to a great extent, from what 
quarter the wind is blowing, and whether there be 
much or little of it : this he is at first inclined to 
attribute to a natural instinct on the part of the 
spider ; but he is at a loss to understand why only 
the greater number of the spiders in his garden, and 
not all of them, seem to have inherited this natural 
gift. In order to determine the point, he must begin 
at the beginning, and watch the construction of the 
snares from the fib:t»t thread spun : otherwise, he will 
remain in ignorance. 



SPIDERS’ WEBS. 


in 


Generally speaking, (Fig. 1) spins 

her web in the early morning, somewhere between six 
and eight o’clock ; our student therefore, if he rises 
at six some fine autumnal morning, will have ample 
oppoi’tunities of watching its modus operandL At 
first he sees it running over the twigs and leaves in 
a vague manner, until, as it reaches some projecting 


Letting the clear sunlight fall upon his second 
spider, the observer notices that immediately after 
her descent firom the twig or projecting leaf, there is 
a movement of the posterior legs towards the spin- 
narets, and then, to his surprise, he discerns a quickly 
expanding fan of multitudinous delicate silken 
threads fioating outwards from the spider’s body : 



Fig. 1 .— Epsiba Dubbxata. 


point, it suddenly drops over the^edge and hangs 
suspended in mid-air; likely enough, soon after 
this, the student will see a rapid movement of the 
spider’s anterior legs, and then, to his horror, will 
perceive it rushing up a line towards the brim of his 
hat. Here is another puzzle : he has entirely failed to 
see how the line became attached or where it came 
from. Unless he solves this problem the first diffi- 
culty will not be cleared up; therefore, let him 
begin again, and this time stand out of the way of 
the spider’s silk and his own light. 

71 


the action is so rapid that one can scarcely believe 
the silk to be drawn out of the spinners ; it appears 
to be forcibly expelled by muscular action.* The 
whole of these thiraads are extremely glutinous, and 
adhere to the first object with which they come in 
bontact ; their direction is, of course, decided by the 
lightest breath of wind : consequently, if the wind 

• The Rev. O. P. Cambridge, whose article in the ninth 
edition of the ** Enoyolopeedia Britannica ’'lam indebted for 
several important facts, informs me that muscles for this 
purpose do exist. 
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be from the south, the centre of the silken fan will 
be directed in a southerly course fix>m the spider’s 
body. 

Directly that one of the fine silken lines adheres 
to any object, the Epeira turns and pulls upon it 
with her anterior legs to test its strength ; and if 
satisfied, she immediately runs across and thickens 
it, sometimes rolling up the unattached threads upon 
the way, but frequently cutting them loose and allow- 
ing them to float away as a sport for the winds. 
This, as it seems to me, will account to some extent 
for the existence of ** gossamer,” fils de la Vierge,” 
or fliegender sommer,” which has been the theme 
of many a learned memoir and the cause for many 
a superstitious fancy. 

“ As sore wondren som on cause of thonder. 

On ebbe and floud, on gossomer, and on mist. 

And on all thing, til that the cause is wist.”— 

It is thus, then, as I can testify from oft-rei)eated 
observations, that the spider, when necessary, forms 
an upper or foundation line for its snare; if a lower 
foundation be required, it is carried from tnc point 
of attachment of the first, along which the spider 
runs with it to the opposite extremity; thence 
(still holding it clear with one of her hind legs) she 
descends to some distance, and there fixes it, thus 
inclosing a large triangular area; the remaining 
boundary lines are formed by dropping from one 
point to another, the thread being fixed hei'e and 
there at intervals until the circumference of the web 
is completely inclosed. The direction of the web, 
therefore, is determined by the wind, not by the will 
of the spider, since the position of all the circum- 
ferential lines is decided by the course which the 
foundation line takes. Before, however, leaving this 
part of the subject, we must discover why on one 
morning many of the webs are placed above the 
garden wall, and on another morning all are below 
it. The reason for this is obvious : if the wind is 
violent, the spider takes advantage of the protec- 
tion aflforded by the wall ; if there be no wind to 
float her fan of silk, she seeks the highest point to 
court the passing zephyr. 

But to resume the thread of our web. No sooner 
is the frame for the snare completed than a diagonal 
line is spun across it : sometimes by a simple drop 
from one side to the other ; but when (as sometimes 
happens) the foundation is oblique, by carrying the 
line round from one side to the other, there winding 
it in, and fixing it This being accomplished, the 
spider proceeds to about the middle of the thread 
it has just spun, fixes a second, andcames it to the 


circumference; runs with it for a short distance 
along the boundary line, fixes it, returns up the 
latter to the centre ; fixes a third, and so on, each 
time travelling to and fro upon the line last spun, 
until the whole area is filled with a series of nearly 
equidistant silken radii. 

The next labour is to convert the rays into silken 
ladders ; this is effected by the spider beginning near 
the centre with a line which is carried in a spiral form, 
producing a series of continuous concentric circles, 
and fixed with a minute drop of gluten to each of 
the rays. This line is not carried to the boundary, 
but at some distance from the centre a second is 
commenced, formed of extremely viscid silk, upon 
which the gummy secretion is distinctly visible, with 
the aid of a lens, in the form of closely-approximated 
globules of amber-coloured glue. It is said that 
when the viscid lines are completed the spider cuts 
away the unadhesive lines ; but this I have never 
observed, and I have watched spiders for months 
together, petting, feeding, and trying experiments 
with them evei^ morning. 

The centre of the web is attached by several very 
strong threads to some leaf or twig near by, which 
is bound together by a canopy of silk, and forms the 
den of the spider. Here she sits, with her anterior 
legs upon the threads, alive to every movement of 
her snare, not judging by the sight of her eight 
eyes, but by the sense of touch. 

“ The spider’s touch, how exquisitely fine ! 

Feels at each thread, and lives along the line.” — Tope. 

Thus, then, we have seen how the common Epeira 
spreads her net ; but thei’e are other spiders, nearly 
as abundant, whose webs are entirely different in 
construction ; indeed, Latreille classified the Aror 
neidea by the form of their webs as follows : — 

Orbitelarue , — Web a circle, or a poiiiion of one, 
with lines radiating from a centre. 

JRetitdarice , — Where a thin sheet of web is sus- 
pended among the branches of shrubs or in angles 
of buildings, and held up and down by lines in all 
directions above and below. 

Tuhitelarice , — Where the snare is a silken tube, 
inserted in crevices, fissures, and casual holes, and 
with an open mouth, more or less guarded or 
armed with insidious lines. 

TerritdaricB , — ^When a tube is spun in a hole 
formed by the spider itself, and closed sometimes by 
a close-fitting, cork-like, or occasionally scale-like or 
wafer lid, at times left open, but not unfrequently 
closed by the falling over of a portion of the tube 
which protrudes from the surface of the ground. 
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Next to the web of the geometric spider, which, 
of course, belongs to the Orbitelcvricej that of Ageleiia 
IdAyrimihicaj one of the Tuhitelarim, will be most 
familiar as a garden curiosity. This spider usually 
spins its snare in rockeries, but on one occasion I 
found it constructed among the 
leaves of a laurestinus. The web, 
when fresh, is by no means unorna- 
mental : the main body of it cpnsist- 
ing of a slightly concave sheet of 
densely woven flocculent silk, the 
surface of which is very sticky, 
being, probably (as in the adhesive 
web of Amaurohim\ spun from the 
fourth pair of spinners, and carded 
or teased by means of the calamis- 
trum (Fig. 2), or double series of 
cur\ed bristles, along a portion of 
the upi)er surface of the metatarsi of 
the fourth pair of legs, so that, from 
its minutely divided and elastic 
fibres, it becomes adhesive. 

The posterior portion of the web 
consists of a cylindrical tube, in 
which the sj)ider sits, with its back 
to the entrance and 'its posterior legs extended, so 
that (by means of the sense of touch) it may obtain 
intelligence of the capture of a victim. 

Although one of the most savage of all spiders 
in its attacks even upon bees, or spiders of other 
species which may chance to fall into its clutches, I 
have several times been astonished to find that two 
examples, difiering somewhat in size, occupied the 
same web; and that when, watching my oppor- 
tunity, I have knocked one spider out of the canopy 
for closer examination, a second has rushed out 
and seized the insect which I have used as a bait. 
The Rev. O. P. Cambridge has, however, kindly 
informed me that this is a species in which the 
sexes dwell together in concord, not showing any 
tendency to devour one another; as is unhappily 
the case with many other spiders. 

The speed with which A. labyrinthica seizes its 
prey and drags it down* into its den is generally so 
great that it is impossible to detect anything l)eyond 
a black shadow, which crosses the web and is gone 
like a flash. In order to get a closer view of the 
spider, one must either dash it out of the web or 
drop in as a bait a sturdy caterpillar of the “ looper” 
tribe (Geometrites ) : the best, perhaps, is the leathery- 
skinned Biston hirtariat a great black-looking larva, 
common upon the trunks of lime-trees during the 
summer months. The moment this caterpillar begins 


to move upon the web the spider is up and upon 
it ; but this species is not only very tough, but dis- 
tasteful to insect persecutors, so that after one or 
two attacks, in which the spiaer xs usually dragged 
along instead of the victim, the latter is permitted 
to march off unscathed. If the larva of Abraxas 
grossula/riata be substituted, the spider succeeds in 
bearing it off, but soon becomes aware of its acrid 
properties, and drops it in disgust ; so that the next 
minute the caterpillar may be seen taking great 
strides up the tubular den and over the canopy, 
whilst the disappointed tyrant makes no second 
attempt to capture it. 

It was probably A, labyrinthica which inspired 
the pen of John Bunyan, the immortal allegorist, 
when he wrote — 

** My den, or hole, for that ’tis bottomless. 

Doth of damnation show the lastingness,”* — 

the tube being opened at both ends, and the 
Slider having her face toward the lower opening : 
so that if poked out with a stick from above, she 
vanishes with all speed, and takes refuge in the 
nearest crevice until her pursuer has abandoned the 
chase, and then quietly returns to her snare. 

It would be imagined that Epeiruy from the ease 
with which she traverses her own viscid network, 
would easily escape from the toils of Agelena; this 
is, however, not the case : she moves upon it with 
much difficulty, and the ai)proach of the enemy is so 
sudden and savage that, even when greatly superior 
in size and disposed to show fight, she invariably 
becomes the prey of her assailant. 

I was once witness to an interesting stratagem 
practised by one Epeira upon another, and which, 
from certain points of similarity in the mode of 
attack to that of the Tubitelariw, may be noticed 
here. I observed a large spider, appai’ently weak 
from want of food and unable to construct a web, 
wandering over the leaves of an Aucuba shrub; 
immediately below it was a good-sized web, in the 
centre of which was its owner, a spider even largei 
than the wanderer above it. As the object of my 
pity reached the extremity of the leaf which hung 
just over the middle of the web, she suddenly 
droi)ped into it, immediately behind its unlucky 
owner, and before the latter could turn to resent 
the intrusion, had seized her firmly. There was a 
desperate struggle, but to no purpose, as the attack- 
ing spider had the advantage, and never for one 
moment relaxed her hold until the other had ceased 
to move. 

* ** The Sinner and the Spider,*' in “ Divine Emblems.*' 
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Another web, somewhat similar in chaiacter to 
that of Agelma^ is found commonly in the crevices 
of old garden walls fiom which the mortar has 
fallen out ; the architect in this case is Amawrohiua 
of BlackwalL Instead of the silken canopy 
of Ageleruiy we here have an irregular adhesive net- 
work of silk upon the surface of the wall round the 
entrance to the den. The latter consists of a silken 
tube, which lines the hole or crevice, and which, con- 
sequently, is usually horizontal instead of perpen- 
dicular or oblique. As soon as any insect settles 
upon the sticky web sun’ounding the den, the fine 
elastic fibres of which it is composed adhere to its 
legs and wings, and the first struggle to escape 
brings the spider from her lair, into which she 
speedily drags her prey. 

It must not be imagined that all spiders construed; 
snares for the capture of their victims, for this is by 
no means the case. The little hunting spiders (Sal- 
iicuB\ common upon walls and fences, depend upon 
their agility for their sustenance : running up and 
down, jumping over obstacles, and wdth the four 
great bulls*-eyes along the front of the cephalo-thorax 
always on the look-out for some unwary fly upon 
which they may spring. At first it was a puzzle to 
me how Salticvs managed to spring upon the side 
of a wall without falling to the ground, but I soon 
discovered that she always carried a silken line 
with her throughout her wanderings, fixing it to 
the wall before each jump, t 

Some of the Tliomisidea^ again, obtain their prey 
by sitting perfectly still in the centres of flowers or 
on twigs, their bodies being so coloured as to 
resemble the calices or buds amongst which they 
are found. 

The spinning-glands of spiders are, according 
to Carl Gegenbauer, J forms of skin - glands 
which lie in the abdomen, and open by 
several pairs of papillae placed behind the anus 
(spinnarets), producing a secretion which hardens 
into a chitinous ” filament when exposed to 
the air, and thus forms the thread of the spider’s 
web (Fig. 3). The spinners are mov^ by 
special muscles, similar to those of the legs; 
they consist of from one to three joints, and 
vary greatly in size and structure, as well as 
in number; geneially they are separate, but in 

* I am indebted to the Bev. O. P. £/ambridg6 for the name 
of the species. 

f This explanation, however, fails to show how a flea accom- 
plishes the same feat. Probably, in her case, the form of the 
jumping legs gives a ourvature io her leap, thus bringing her 
back to the wall. 

t ** Element# of Comparative Anatomy,’^ p. 260. 



Fig. 3 ^Spinnarets of Epeira. 



Fig. 4.— Spider’s Claw. 


Tetrablemrm (Cambr.) they are inclosed in a kind 
of corneous sheath. 

The legs of spiders are specially modified to 
enable them to tra- 
verse their webs. 

Each tarsus ends 
with either tw’O or 
three more or less 
curved or bent 
claws, commonly 
(though not al- 
ways) pectinated 
or finely toothed 
(Fig. 4) ; in some 
groups with other opposed serrated claws : the 
latter are also used as hooks, to give tension 
to the lines of their 
webs by alternately 
pressing and strain- 
ing upon them; and 
lastly, as already 
stated, the calamis- 
truftif or series of 
cujved bristles on the 
fourth pair of legs in 
certain species, is used in the construction of the 
flocculent silk used for ensnaring their prey. 

Various efforts have been made from time to 
time to utilise spiders’ silk in the manufacture of 
silken fabrics ; but the difficulty of rearing spiders 
together, owing to their cannibal propensities, has 
hitherto proved an insurmountable barrier to the 
satisfactoiy accomplishment of this object. The 
possibility of making it into articles of ai)parel was 
demonstrated more than a hundred and fifty years 
ago, when silk obtained by Le Bon, of Languedoc, 
from spiders was woven into gloves and stock- 
ings. § 

If anything is ever done in the way of utilising 
the silk of spiders, it will i)robably be obtained from 
the large exotic species of the genus NephUa^ the 
silk of which is, in fact, used by ladies of the 
Bermudas for sewing i)urix)8es,|| and by the natives 
of the Island of Rodriguez in place of waxed-ends. 
The species of Nephila construct large geometric 
webs of great strength, in which (as I am informed) 
small birds are not unfrequently entangled, and 
which form no inconsiderable hindrance to tra- 
vellers through a tropical forest, inasmuch as these 
spiders are said to build their webs close together 


§ For an interesting account relating to Spiders and Spiders* 
Silk, see Charles Dickens’s Houseftold Words f vol ii, p. 65. 

II Zoologist, 1858, p. 5222. 
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xn oommiinities, sometimes amounting to hundreds 
of individuals. Whether or not this last statement 
be correct, one thing is certain : namely, that the 
individuals of the various species are extremely 
abundant, and are often the only spiders sent 
home in a collection of spirit specimens. 

If the preceding observations on the spider’s web 
are insufficient to dissuade the reader from look- 


ing with horror and contempt upon these marvellous 
architects, let him at least remember that, though 
he may consider them as unworthy of his regard, 
history has ascribed to their agency the victories of 
Bruce, the preservation of Mahomet and of Du 
Moulin; and let him know that the man who 
cannot stoop to the study of that which is small will 
never be able to comprehend that which is great. 


GLACIERS. 

By Professor Barrett, F.R.S.E., M.B.I.A., etc. 


I N a preceding paper * we traced the life-history 
of the Geyser; in the present we propose to 
follow, in like manner, the life of a Glacier, from its 
hiiih. on the mountain-top to its grave in the valley 
below. 

As every one knows, a glacier is a vast river of 
ice moving slowly down the mountain side, fed by 
the snow-fields above, and wasted by the warmth 
of the valley or sea at its lower extremity. 

A region of perpetual snow is not, however, the 
only agent necessaiy 'for the production of a glacier ; 
heat is equally essential, for snow is the result of the 
congelation of aqueous vapour, raised from the sea 
or ground by the action of the sun. The invisible 
vapour of water is always present, in greater or less 
quantities, in the air around us. When the tem- 
perature falls low enough, this vapour is deposited 
as dew, mist, rain, hoar-frost, or snow. It is only 
necessary to fill a metal can with a freezing mixture 
of snow and salt to cause a copious precipitation of 
the vapour present in the room upon the sides of 
the vessel, whei^ it speedily becomes frozen into a 
thick covering of hoar-frost. In a similar manner 
the cold air of the mountain-top congeals the 
moisture contained in the winds that drift across 
its side, and thus its summit becomes clothed with 
a mantle of snow. In winter, the lowest point of 
the snow is found in the valleys f in summer it 
retreats higher up the mountain, but a certain well- 
marked boundary exists on every high mountain 
range, above which the snow remains unntelted all 
the year inund. This is the so-called snow-line, 
where the gain of snow on the one hand, and the 
loss by melting on the other, are equally balanced. 
Above this line the gain exceeds the loss, and the 
residuum of unmelted snow is added to the yearly 
fall. It must not be supposed that no melting of 
“ Science for All/’ YdL I., p. 226. 


• the snow occurs above the snow-line ; this is by no 
means the case ; only the melting that occui*s is 
insufficient to liquefy the whole of the annual fall. 

A brief digression here becomes necessary, as 
the question of the snow-line is one of consideiv 
able importance in connection with glaciera. It is 
commonly supposed that those places where the 
average temperature of the year is at or below 
the freezing-point will have a i)erennial covering of 
snow ; but this is not so. There are, for example, 
regions in Siberia and North America where the 
average temperature is far below the freezing- 
point, and yet where the ground is not always 
covered with snow. This is to be accounted for 
either by the great intensity of the summer heat or 
by the extreme dryness of the air. It is, in fact, 

, the temperature of the summer months that deter- 
mines the plane of perpetual snow. It will, there- 
fore, be obvious that the snow-line must descend as 
we pass from the equator to the pole ; but in no 
inhabited region of the northern hemisphere does 
the snow-line descend to the level of the sea. 
In the Himalaya Mountains the snow-line attains 
an altitude of 16,000 feet ; in the Alps some 

9.000 feet; in Norway it varies from 5,000 to 

3.000 feet, according to the latitude. In Great 
Britain the snow-line would be reached at an eleva- 
tion of about 4,000 to 5,000 feet ; but no British 
mountain attains this height.' The influence of the 
dryness of the air on the level of the snow-line is 
conspicuously seen in tlie case of the Himalayas, 
the snow being upwards of 3,000 feet higher on 
the north side than on the south, or warmer, aspect. 
This is doubtless due, in large measure, to the ex- 
treme dryness of the plains of Tibet. So in Nor^ 
way, although the aveitige yearly tempeiuture is 
higher on the coast than in the interior, the snow- 
line is nearly a thousand feet lower in the former 
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case. Inasmuch, therefore, as a glacier is fed by 
the snow-fields, it will be obvious that extreme cold, 
if accompanied by extreme dryness of the air, will 
be unfavourable to its formation. Thus it is that 
Siberia is destitute, it is affirmed, of all glaciers. 
The physical aspect of the country is also of some 
importance, for, obviously, isolated peaks would not 
allow the accumulation of sufficient snow to form a 
glacier. 

As, above the snow-line, additional snow is 
yearly added to what remains on the ground, the 
tendency of elevated mountains is to rise higher 
and higher, and we may imagine this action con- 
tinued for centuries, until at last all the water of 
our rivers, lakes, and seas would, by solar heat, 
have been distilled on to the mountain-tops, and 
convened into colossal peaks of snow. There 
would be, however, a limit to this action, for the 
upper regions of the atmosphere are devoid of 
moisture, so that snow could not Be deposited above 
a certain altitude. In fact, were our mountains 
much higher than they are, there would be a 
superior, as well as an inferior, snow-line. The 
i-apid growth of mountains that would follow a 
continued deposition of snow may be estimated 
from the fact that if three feet of snow were 
annually deposited above the snow-line (not an 
exaggemted estimate), this would make 1,879 yards, 
or ni)wards of a mile, added to the height of the 
mountain during the Christian era, if the yearly 
fall were unrenioved. As we all know, however, 
oUi mountains liave not tliis portentous growth. 
The heat of the sun, avalanches, and, to a slight 
extent, evafx^ration, come into play ; but the yearly 
fall is chiefly removed by the convei*sion of the 
snow into the glacier, diflerent though they be in 
appearance. Ultimately, by its liquefaction in the 
valleys, the glacier restores to the ocean the water 
which may have been raised from its surface 
centuries before. 

Hence, by the slow and continuous motion of the 
glaciers the vast reservoirs of snow on the moun- 
tain side harmlessly escape, and thus are prevented 
periodic cataclysms, which would otherwise ravage 
the now peaceful valleys. The avalanche, the mes- 
senger of death, gives place to the glacier, the 
messenger of life : for, literally, the glacier is such 
to the dwellers in these mountain valleys. Out of 
the wild ice wastes issue streams, most abundant in 
summer when most needed, which not only irrigate 
the valleys, but clothe tlie barren rocks with a 
deposit of fruitful loam; for the glacier ploughs the 
mountain side, pulverising its surface, and thus 


biinging to the valleys a soil rich in food for plants. 
The fertile plains of the Rhine Valley can be dis- 
tinctly traced to the dust of ancient glaciers.” 

The collecting ground of the glacier is to be found 
in the upper valleys of the mountains choked with 
masses of accumulated snow. Of a very different 
character is this snow fiom the delicate crystals 
which originally fell. Pressed by the superincumbent 
weight, its surface melted by the sun, and the water 
formed trickling through its mass to freeze in the 
colder interior, the formerly loose and powdery 
snow becomes an agglomerated granular mass, grow- 
ing more consolidated first in its deeper portions, 
and afterwards at its surface, as it travels further 
down the valley. This is the 'inkviy which passes by 
insensible degrees into the glacier. As it descends 
still further, what was once incoherent and opaque 
snow becomes entirely converted into dense, and in 
many places perfectly clear, ice. 

The change of the opaque neve into the trans- 
parent ice of the glacier is primarily due to tlie 
expulsion of the air entrapped between the particles 
of snow. Each individual snow-flake is perfectly 
transparent, and is separated from its fellow by a 
film of transparent air. Owing to the different re- 
fractive power of the air and the snow, a ray of light, 
in passing from one to the other, suffers partial 
reflection. A little light is therefore thrown back- 
wards as it crosses from pailiicle to particle of the 
snow. These reflected rays are again caught by 
other snow-particles in their path, and a portion of 
the incident light is again reflected. A luminous 
beam is therefore unable to struggle through the 
entanglement of air and solid, for though either 
alone may be transparent, their intermixture be- 
comes opaque from the incessant ecJmng of the 
light 

A simple and effective experiment may be made 
to illustrate the foregoing Into a little trough with 
glass slides, pour some water, holding in solution a 
little bicarbonate of soda. Behind the trough place 
a light the rays from which pass freely through the 
liquid, as the continuity is unbroken. Now add a 
little tartaric acid, which with water also formid a 
transjmrent solution; the acid added to the soda 
liberates carbonic-acid gas, which, rising in a quantity 
of minute bubbles, becomes intermingled with the 
water, breaks up its optical continuity, and instantly 
converts it into an opaque liquid. If the eye be 
placed on the other side of the trough, the previously 
clear liquid will now appear white, like milk. In 
&ct, the whiteness and opacity of milk is due to a 
precisely similar cause, the myriad of transparent 
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globtdes of fat it contaiius having a different 
refractive power from the water in which they float. 

If, therefore, we strongly squeeze a mass of melt- 
ing snow, partial liquefaction of the whole will take 
place, a more ready escape for the air 'will be 
afforded, and on releasing the pressure the frag- 
ments will be found frozen into a continuous mass 
of more or less transparent ice. How this re-freezing, 
or regelationi as it is termed, is effected we cannot 
sStay to discuss at this point, for it has been the 
subject of much controversy; we may return to 
this question — as it is the most important factor in 
the formation of a glacier — in a subsequent paper, 
wherein the explanations that have been given of 
the river-like motion of a glacier, will also have to 
be considered. 

When, as is sometimes the case, a glacier can be 
seen from its origin in the snow-fields to its ter- 
mination in the valley, its resemblance to a river 
is strikingly manifest. Perhaps, nowhere are these 
** curi'ents of ice,” as Goethe calls them, better seen 
than at Justedal, in Norway. In that district the 
Nygaard glacier majestically sweeps down into the 
valley, the whole of its course being seen at a glance. 
The writer can never forget the impression this 
grand spectacle produced upon him as this glacier 
suddenly burst upon his view. The size of these 
ice rivers varies considerably. Measuring from their 
end, or mout^ to their origin, the glaciers of the Alps 
are, on an average, fi'om ten to twenty miles long 
and about half a mile wide. Their depth has been 
ascertained only approximately ; moulim — i.e., cavi- 
ties in the ice through which the glacier waters 
escape — have been sounded, and depths from 160 
to 350 feet have been found without the bottom 
having been reached. One of the upper arms of the 
largest glacier in Switzerland, the Mer de Glace 
(Fig. 1), breaks off into a vertical wall of ice 140 
feet in height. These figures will give some con- 
ception of the mass of a glacier. Nevertheless, 
vast as are these ice streams, they are insignificant 
compared with the gigantic masses wdiich doubtless 
covered Northern Europe in a pre-historic time. 

That the glacier moves down its rocky bed must 
have been a fact long familiar to even casual ob- 
servers. But no accurate knowledge on this subject 
was possessed till the late Principal Forbes pub- 
lished his “Travels in the Alps” in 1843. By careful 
measurements,' Forbes — and, shortly aftemards, the 
famous naturalist Agassiz — ascertained not only 
the average rate at which the glacier moves as 
a whole, but establislied the important fact that 
the centre moves more quickly than the sides. 


Forbes* determination of the velocity of the dif- 
ferent parts of the glacier led him to propound 
his famous theory of glacier motion which still holds 
its ground, and to which we shall in another paper 
return. If a row of stones be laid straight across 
the glacier to-day, they will not be in the same 
position to-morrow ; supi)Osing it be summer time, 
the central stones will have crept foiward some 
twenty to thirty inches, the marginal ones but five to 
ten inches, and the othens in proportion, The fact 
of the speedier motion of the central parts of a 
glacier had been surmised, a year or two previous 
to. Forbes* measurements, by a Bishop of Savoy, 
Mgr. Rendu. But long prior to Forbes, in 1788, the 
celebrated De Saussure made a series of observations 
on glaciers which led him to suggest that glaciere 
slid down the valleys, impelled by their own 
weight. An incident that occurred to De Saussure*B 
party was the means of afterwards revealing, in an 
unexpected way, the rate of glacier motion. On 
descending the rocks at the side of the Glacier du 
G6ant — one of the arms of the Mer de Glaco — De 
Saussure left behind him a ladder. Forty-four years 
later, in 1832, fragments of this ladder were found 
by Forbes and other travellers at a point much 
lower down the valley, carried thither by the motion 
of tlie glacier. The distance between the two spots 
having been measured, it was discovered that the 
paii; of the glacier where the ladder was imbedded 
must have descended, on an average, 37o feet each 
year. Another observer in 1827 had built a hut 
on one of the Swiss glaciers for the purj)Ose of 
making observations, and the exact ix>sition of this 
hut was determined when it was erected. In 1841 
it was found 4,884 feet lower down the valley, giving 
an average motion of 349 feet every year. 

By the use of surveying instruments and stakes 
driven in the ice, the daily motion of a glacier may 
be determined. In this manner it has been found 
that the middle of the Mer de Glace moves through 
twenty inches a day in summer, but in winter only 
half as much. In different glaciers the velocity 
varies according to the size, the inclination, the 
amount of snow-fall, and other circumstances, 
“ The enormous mass of ice thus gradually and 
gently moves on, imperceptibly to the casual obser- 
ver, at the rate of about an inch an hour — the ice 
of the Col du G6ant will take 120 years before it 
reaches the lower end of the Mer de Glace — but 
it moves forward with uncontrollable force, before 
which any obstacles that man could oppose to it yield 
like straws, and the traces of which are distinctly 
seen, even on the granite walls of the valley. If, after 
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a series of wet seasons and an abundant fall of snow 
on the heights, the base of a glacier advances, not 
merely does it crush dwelling-houses and bi'eak the 
trunks of powerful trees, but pushes before it the 
boulder walls which form its terminal moraine 
without seeming to experience any resistance. A 
truly magnificent spectacle is this motion, so gentle 
and so continuous, and yet so powerful and so 
irresistible/’ ♦ 

The store of energy jiossessed by a moving 


On this subject I may quote the following in* 
teresting note sent me by my learned friend, the 
Rev. Maxwell Close, who has largely added to the 
knowledge possessed by geologists regarding the 
action of ice in Ireland : — “ The glaciation, or ice- 
abrasion, to which Ireland has been subjected waa 
efiected entirely by ice formed upon the present 
area of the island. But the direction of the ice 
movement in the north-east of Ireland, and in the 
northward part of the County Wicklow, seems to 



ris. L— The Mbr ds Glace. {From a Photograph,) 


glacier enables it to widen and deepen the channel 
through which it flowa This it accomplishes by 
the agency of the loose stones entrapped beneath 
its mass. Thus the glacier acts as a gigantic rasp 
upon the rocks forming its bed, scratching and 
grooving their surface, and leaving permanent 
traces of its course. It is by means of these rock 
scratchings, or flutings, that geologists have been 
able to trace the action and indicate the direction 
taken by ancient glaciers ; they have thus proved 
that the British Isles were once the seat of glaciers 
far more extensive than those now found in the 
Alps, t 

^ Helmholtz : ** Popular Lectures/’ art. ** Ice and Glaoien.” 

f ^‘Scienoe for AH,” VoL L, pp. 33-40. 


have been influenced by the pressure of the ico 
from what is now Great Britain. There were no 
centres of ice dispersion on the east side of Ireland. 
The Wicklow mountains, for instance, instead of 
giving origin to any flows of the general glaciation, 
were themselves invaded by ice, whose course can 
be clearly traced backwards for about a hundred 
miles to the less important hill group of Fer- 
managh, Slc. Some of the centres, or, more properly, 
areas, of dispersion were ill defined. Others — e.^., 
that of the Connemara mountains in West Galway 
— were very distinctly marked. The great ice-flows 
of Keny had a compound and not a single origin. 
As the "ice progressed, it not only rounded and 
scored the rocks by means of the detritus which it 
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abored alongi but it often left the boulde]>clay in central poEdtion if the river continue in a straight 
long narrow ridges, from thirty to one hundred feet course, but swerving to the opposite side if the 
in height, and sometimes one mile in length, which river-bed turn in the contrary direction. A glacier 
are pmilel, not only to each other, but also to the behaves in a precisely similar manner. Professor 
rock-scorings of their distiict. It is impossible to Tyndall first drew attention to this fact, proving 
say what was the gi'catest deptli of the ice ; but that the line of swiftest motion in a glacier makes a 
the ice from the Kerry mountains that crossed the curve more sinuous than that of the valley itself, 
crest of the mountain ridge near Glengarifif, which like a river, the glacier is fed by tributaries, bends 
separates Kerry from Cork, has left its scorings on round a comer, and is retarded by the friction i( 
that crest at the height of 2,200 feet. The masses encounters against its bed, so that it moves more 
of vein-quartz on the shoulders of Croagh Patrick, quickly, not only at its centre than its sides, but 
at the height of 1,000 feet, retain the scorings done also at its sutface than undemeatL Furiher- 



Fig. 2.— Showing the Union or several Glaciers into one great Streak. 


by the ice from the Connemara mountains, fifteen more, the glacier is able to accommodate itself 
miles distant. Certain mechanical considerations to the size of its channel ; forced in heaped- up 
would show that, for the ice to move as it did, its masses through narrow gorges, it widens and 
depth must have been very much greater than that becomes shallower as it passes them, moving 
indicated by the most elevated of its markings swiftly in the gorge, and more sluggishly as the 
which have been preserved or detected. When the channel widens. The union of several glaciere into 
period of the general glaciation of the country had one grand trunk stream is strikingly s^n in the 

passed, many of the mountain hollows, or comes, Mer de Glace, for the sketch of which (Pig* 2), and 

had their own small local glaciers, which have often also for the two folloiring diagrams, we are in- 

left the strongest evidence that can be imagined of debted to a work by Professor Tyndall * 
their existence.” The central parts of a glacier being those in most 

We must now return to the striking analogy rapid motion, the sides must necessarily be in a 
which is presented by the motion of a glacier and state of strain, from the ice being constantly 

that of a river. When a river flows round a bend, dragged towards the centre. As the ice cannot be 

its print of swiftest motion shoots for a time stretched to an appreciable amount, the glaricr 
beyond the centre of the stream, regaining its • ^‘Glaoiert of tbe Alps,” p. 907. 

72 
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breaks at right angles to the line of stretching, 
(httcks are thus formed, and, opening out by the 
continual pull, become wider, forming what are 
known as the tna/rginal crewMM (Fig. 3). The 
arrow indicates the direction of motion of the 



Pig. 3.— MarginaJi Crevassee. 


glacier ; the lines on each side, parallel with the 
barbs of the arrow, indicate the direction of the 
stiain ; whilst the darker lines, at right angles to 
these, show ihe marginal crevasses. In some places 
in the drawing the crevasses are seen to stretch 
right across the glacier ; this arises from a sudden 
change in the inclination of its bed, causing the ice 
to snap across, and thus forming transverse crevasses^ 



Pig. 4.— ImsginaTy Section of Glacier in Pig. 3. 


The union of these with the marginal crevasses 
creates in certain places continuous deep fissures, 
which sweep in great curves across the glacier. 
It will be noticed that the convex side of the 
curve points up the valley, making it appear as 
if the glacier moved more rapidly at its edges 
than its centre — an anomalous appearance, which 
much puzzled early observers. But the explana- 
tion is now easy ; the centre moves more swiftly 
than the sides, and the crevasses are formed at 
riglU angles to the line of greatest tension. When 
a level surface is reached, the pressure fix>m behind 
forces the broken masses of ice together ; they re- 
unite, and scarcely a trace is left of the gaping 
transverse chasma In Fig. 4 is shown an imagi- 


nary section of the glacier in Fig. 3, showing the 
rf^ons of greatest tension and compression. 

From a favourable iK)int of view there can be 
seen, in subdued light, faint streaks across the 
glacier curving in the direction of its motion. These 
are the so-called dirt-bandSf accounted for in different 
ways, but into the discussion of which we cannot 
here enter. They are probably formed, at the foot of 
an ice cascade, by the fine debris collecting in the 
ridges and left exposed alter the melting of the snow 
on the glacier ; running, at first, nearly straight 
across it, the dirt-bands partake of the greater 
velocity of the central part of the glacier, and hence 
acquire a curved shape as they are gradually carried 
down the valley. Fig. 2.) 

There are other points of interest in the struc- 
ture of glacier ice, to which we can do no more 
than allude. One of these is the laminated ” 
or veined ** structure, which has been accounted 
for by the pressure to which the glacier is exposed ; 
these less conspicuous appearances are found in 
regions of greatest pressure, and are thus comple- 
mentary to the crevasses which occur where the 
tension is greatest 

But one of the most prominent features of all 
the glaciei*s we have not yet mentioned. These are 
the nioraims, or masses of stones and dibris which 
the glacier bears on its surface or pushes before it 
Chiefly through the agency of frost, blocks from 
the mountain side become detached, and; falling on 
the glacier, litter its side with scattered fragments 
of rocka The edges of a glacier thus become lined 
with stones, which to some extent prevent the sun 
from melting the ice beneath them. The consequence 
is that, as the portions of ice not thus screened melt 
away, the stony fringe, or moraine, apparently rises 
to a considerable height, until in some places it is 
elevated nearly fifty feet above the level of the 
glacier. When two glaciers unite, one moraine of 
each joins into a central ridge of stones, called a 
medial moraine, the side ridges being termed mar- 
ginal morainea The formation of two or more 
medial moraines is well seen in the diagram of the 
Mer de Glace (Fig. 2). Pushing far telow the 
limit of perpetual snow, the glacier reaches warm 
and cultivated regions, where it shrinks in size, 
and finally abruptly terminates, leaving its rocky 
burden at its foot; this accumulating from year to 
year, forms what is known as a terminal mxyraine. 

Occasionally, large isolated slabs of stone are found 
perched on a pillar of ice. These are the so-called 
glacier *tahleSy the formation of which is simply due to 
the stone screening the ice beneath it from theactioxi 
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ci the sun : hence, whilst the surrounding portion of 
the ice melts, the part beneath the slab of stone is 
protected, and thus appears to rise from the general 
level of the glacier. It is really the glacier which 
has sunk by the melting of its surface, and the 
erratic position of the perched stone indicates the 
former level of the glacier. One unusually large 
glacier-table on the Her de Glace was measured, 
and found to be a slab twenty-three feet long, 
resting on a pillar of ice thirteen feet high. The 
larger the stone, the higher it will tend to rise, as a 
gi’eater surface of ice is protected from the sun's 
lays. The slabs of stone usually ‘‘dip" towards 
the south, owing to the direction of the solar rays, 
which warm the surface of the stone unequally ; by 
degrees the inclination given to the slab is so great 
that it falls off, the uncovered ice-pillar now melts 
away, and a new one hard by rises in its stead. 

Another curious feature is more rarely met with 
on the surface of the glacier. These are the gravel- 
cones^ for which the lower glacier of the Aar is 
remarkable. These cones sometimes reach a height 
of twelve feet, and a cii-cumference of forty feet at 
the base. They present a singularly artificial ap- 
pearance, from their geometrical figure, and their 
aspect so dark and foreign to that of the pure ice 
around. Gravel or sand forms, however, only the 
exterior of the cones; within, they ai'o solid ice. 
Their formation has been explained in a somewhat 
similar way to that of the glacier-tables. The 
streams of water from the melting surface of the 
glacier cany with them sand and gravel from the 
medial moraines; the coui*8e of the stream is* 
soon checked by a crevasse or hole in the glacier 


in which its waters are engulphed, forming a noisy 
cascade or mouiin. The sand and gravel, borne by 
the stream, are thus precipitated into the heart of 
the glacier, but in process of time, as the glacier 
melts away and the stream shifts its course, the 
gravel once more appears on the surface. Here the 
protecting influence it exerts on the ice comes into 
play, and the mass of gravel rises, a cone being 
formed like that in an hour-glass, whose declivity is 
the measure of the friction between the sandy 
particles and the ice. 

Not only does the sun melt the upper surface 
of the glacier ; the natural heat of the earth melts 
the under-surface to some extent, but whether the 
liquefaction goes on above or below, the water 
formed ultimately issues from the foot of the 
glacier, in summer as a turbid torrent laden with 
the rocky dust the glacier has ground in its 
course. 

Thus the glacier is ever in process of dissolution 
frit its lower extremity and of renewal at its upper. 
Its substance is fleeting, but its form is permanent ; 
and this permanence of form depends upon the per- 
manence of the conditions that surround it. If 
those change, it changes, and a new form results. 
Hence the life-histoiy of the glacier Ls not unlike 
tliat of an animal or of a species. These have their 
youth, their manhood, their decay, and their death ; 
and, like the glacier, they ju’esent a permanence of 
foim under a ceaseless flux of material. And so, 
too, wo ourselves may be said to i*e8emble a glacier ; 
whilst the material of our bodies is ever being I’e- 
newed, our consciousness, our personality, the im- 
perishable form within, remain unchanged. 
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L ove of personal decoration* may be fairly 
counted one of the most widely spread of human 
passions. “ The flrst spiritual want of a barbarous 
man," says Mr. Carlyle, “ is decollation.” * Such a 
want was unquestionably felt by the people of our 
own islands long before Britain began to figure in 
history ; in times, indeed, far older than the oldest 
of our written records. Relics of the primitive or- 
naments which were roughly fashioned in pre-his- 
toric or in non-historic times are occasionally brought 
* “ Sartor Beiartui,*’ ohap. v. 


to light by the antiquary while exploring those 
ancient barrows, or earth-mounds, in which our 
rude forefathers sleep. There the spade is likely 
enough to turn up the amber bead, or the ornament 
of jet, or the bronze pin, or, may be, simply a 
perforated tooth or bone or shell ; yet all testifying 
to the vast antiquity of this practice of personal 
adornment. And just as no age seems to have been 
too remote, so no i>eople seem to be too low to indulge 
in this practice; as we trace it backwards to the pre- 
historic {frast, so we trace it downwards to the most 
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undvilised of peoples in these latter days. Clothing 
may be entirely absent, even the barest neoeasitieB 
of life may be scant, but nevertheless the savage will 
make some crude attempt at decoration. It would 
be hard to depict a more abject people, for instance, 
than the Tasmanians — a hapless race who have 
rapidly died out before the advance of the white man. 
And yet the poor Tasmanian would collect the 
prettiest of shells to be found in the island ; would 
patiently clean them, so as to ex[X>se their pearly 
sheen and rainbow hues ; and would then string 
these glittering ornaments into a necklace, which 
— ^to judge from specimens preserved in our 
museums — would hardly have disgiuced her fair- 
skinned sisters in more favoured landa 

Shells and other animal products — ^notably pearl 
and coral — are still used as materials for personal 
decoration among nations of the highest culture 
But in seeking the most appropriate objects for 
such purpose, the choice among civilised peoples has 
generally fallen upon those mineml substances which 
are not only sufficiently beautiful to be prized for 
brilliancy and for colour, but at the same time are 
sufficiently hard to be durable and to receive a high 
degree of polish which is not easily lost by wear. 
If the stone l)e also one of rai’e occurrence, it 
becomes of course still more i>recious. The three-fold 
combination of brilliancy, hardness, and rarity is 
nowhere more conspicuous than in the Dianumd ; 
and hence the diamond has long taken rank among 
the most highly-prized of our precious stones. 

No less keen an observer than Shakspere has 
told us that — 

“ Dumb jewels often in their silent kind ** 

arc able to effect ‘^more than quick words.” * It 
is the purpose of this article to put a tongue into 
some of these dumb jewels,” and to listen to their 
scientific teachings. We shall thus endeavour to 
add instruction to their fascination, to show that 
there is something in them worth noting beyond 
mere beauty and glitter ; to reveal, in short, their 
chemical and physical history. It is with only one 
stone, however, that we purpose at present deal- 
ing ; and as the most typical example of a precious 
stone we naturally select the diamond. 

One of the most attractive objects in the Paris 
Exhibition of 1878 was the collection of national 
jewels ; and undoiibtedly the most attractive object 
in this collection was the famous Regent or Orleans 
Diamond. Among historical diamonds this stone 
is in many ways unrivalled, and may therefore fitly 

* *< ^ Gmitlemeii of Verona,** Act iiL, le. 1. 


form the text of this article. Afew other diamonds, 
it is true, may exceed it in weight ; but assuredly 
none can surpass it in brilliancy (ff lustre, in purity 
of water, or in perfection of form. 

The Regent is an East Indian stone which was 
found in one of the famous diamond-mines near 
Golconda. It has often been styled the PiU 
Diommdy in allusion to its having at one time been 
in the possession of Thomas Pitt, the giundfather 
of the first Earl of Chatham, when Governor of 
Fort Si George. This was the diamond to which 
Pope pointed in his libellous lines : — 

Asleep and naked as the Indian lay, 

The honest factor stole the gem away.” f 

The name of Pitt is now, however, but rarely heard 
of in association with this stone ; and it is usually 
described either as the Orleans or as the Regent 
Diamond — names which refer to its having been 
acquired for Louis XV. by the Duke of Orleans, 
when Regent of Finance, at the solicitation of John 
Law, the famous financial schemer. It is needless, 
however, to occupy space better devoted to scientific 
details by recalling the curious history of this stone, 

A good notion of the size and the shape of the Re- 
gent may be obtained from Fig. 1. Its elegant form, 
encircled by a multitude of facets, is of course the 
result of art, the stone having been cut by skilful 
craftsmen into the shape best fitted to display its 
beauty. But a diamond in its rough state, just as 
it is taken from its resting-place in a bed of gi*avel, 





Fig. 1.— The Begeat Diamond. (Natural Sise.) 

is far from being a formless mass. Its native shape, 
however, is widely different from the shape of most 
cut stonea By far the greater number of mineral 
substances, and not a few artificial products, are 
capable, under favourable conditions, of assuming 
definite shapes, always symmetrical and often 
extremely beautiful. Water, for instance, when 
allowed slowly to freeze into a mass of rigid ice, 
exhibits idiis tendency. Instead of solidifying 
into a formless mass, it tends to branch out into 

t “HmMuo/Bcm.’' 
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grftoeM shapeB, which often mindc the epreading 
frond of a fem. Who, indeed, has not admired 
upon his bed-room window those beautiftil 

• ** Ice femg on January panes 
Made by a breath P” ♦ 

This power of solidifying in regular shapes is l^own 
as crystallisation. It is not, however, every kind 
of matter that enjoys this power. Take, for instance, 
a piece of glass, and mark how different its structure 
from that of ice ; observe, in fact, the difference 
between the ‘‘ January pane ** and the ice ferns ” 
which cling to that pane. Sufficient heat will fuse 
the glass to a clear liquid ; but when this liquid 
cools, it solidifies without any tendency to shoot out 
in one direction rather than in another. It is true 
that, under exceptional conditions, glass may be in> 
duced to crystallise ; but then its characters are so 
greatly changed that the glass loses its glassiness, 
and is hence said to be devitrijied. Under all 
ordinary conditions, the mass of glass is without 
regular form. Some kind of shape of course it must 
jKjssess, like every other solid body ; but it is an 
irregular or accidental shape, lacking all symmetry 
and definiteness ; so far, indeed, from being any- 
thing like a crystal, it is more like 

‘‘ That other shape, 

If shape it may be called, which shape had none.” f 

Bodies which are thus destitute of definite form, 
save that which is given to them from without, ai^e 
said to be amorphous; while those which are capable 
of spontaneously assuming regular form are described 
either as crystallised or as crystalline^ according as 
the shape is well marked or merely confused ; thus 
sugar-candy is crystallised, and loaf-sugar crystalline. 
The diamond is generally found in well-defined, 
symmetrically-shaped, solid forms, or crystals, of 
which one of the most common is that represented 
in Fig. 2. 

And here we may remark that it is not a little 
curious to trace this word crystal to its source. 
Originally we find it applied to that clear and hard 
substance which is still known sf rock-crystal — a 
mineral which was formerly used to a lai^e extent 
in jewellery, but which is now chiefly employed in 
the manufacture of spectacle - lenses, when it is 
termed pebble.” THs mineral was found by the 
ancients in the clefts of those granitic rocks which 
rise into sharp peaks high above the snow-line in 
the Alps. So clear, so ice-like were these crystals, 
that it seemed fair enough to assume that they were 
nothing but intensely-frozen water : an assumption 

* Tennywa’i “ Aylmer’i t ‘‘ Pa»diw Lort.” 



Fig. 2.— A Regular Ootabedroxi ; 
a typical Form of the Diamond. 


which was fortified by their frequent discovery in 
the neighbourhood of Alpine gladers. And thus it 
came to pass that the 
Greek word for ice— 
crystaUos — was applied 
to this substance. 

That this view of the 
origin of rock-crystal 
was seriously held by 
the philosophers of 
antiquity is clear from 
a passage in Pliny, 
where we are told that 
this crystal ‘^is found 
only where the snows of winter freeze hardest ; it 
is certain that it is ice, whence also the Greeks 
gave it the name.” J Nor is there the slightest 
doubt that he refers here to rock-crystal, for a little 
farther on he confesses that it is not easy to say 
why it is born with six angles and six faces.” This 
dfiscription of the six-sided forms agrees exactly 
with the common crystalline characters of rock- 
crystal, as shown in Fig. 3. 

In modem times the term ‘‘ crystal ” has received 
very extended use, and is now applied to all 
regularly-formed solids, however widely they may 
differ from the forms which rock-crystal assumes. 
In other directions, too, the term has attained even 
wider significance. Thus, a Frenchman speaks of 
flint-glass as cristal — an application of the word 
which has evidently been suggested by the beautiful 
limpidity and brilliancy of such glass, and by its re- 
semblance in these respects to the purest forms of 
rock-crystal. Yet 
it is well to note 
the laxity with 
which the term is 
here used; for the 
glass which is thus 
called ‘^crystal” is 
just one of those 
substances that, 
as explained 
above, are emi- 
nently uncrystal- 
lisable. If the 
flint-glass pre- 
sents any definite shape, it is a shape impressed 
upon it from without, not developed from within. 
A short tim€^ ago a beautiful kind of paper-weight 
was introduced, which consisted of a block of clear 
colourless flint-glass, cut into various 
t ” Hilt. Nfti.” xxxvii. 0. 



Fig. 3.— Rook Cryitalj oooaaionaUy 
mistaken for Diamond. 
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forms identical with those of natural ciystals. But 
these solids^ after all, had only the barest semblance 
lo a crystal : they were, in fact, produced by art 
operating on the exterior, while a true crystal is 
formed spontaneously by the natural outgrowth of 
the substance. 

Up to within about a century ago, the diamond 
was regarded as simply a peculiar kind of rock- 
crystal ; nor indeed is the difference always under- 
stood even at the present day. It has occasionally 
happened that an emigrant has 
thus been bitterly deceived, 
after having travelled, it may 
be, thousands of miles, with 
his supposed treasures. Igno- 
rant of minemls, he has 
counted himself fortunate in 
having picked up, in the bed 
of a stream in some unknown 
land, a number of beautiful 
little crystals which are as 
clear as the purest drops of 
water ; if he looks at them carefully, he observes 
that every edge is as sharp and every face as 
smooth as though it had been cut by the most 
skilful of lapidaries ; moreover, if he touches these 
faces with a hard steel file, he fails to make the 
slightest impression ui)on them. What, then, can 
such stones be but diamonds 1 

The most supei'ficial comparison of the crystalline 
forms of the diamond with those of rock-ciystal is 
sufficient, however, to set all doubt at rest It is 
tme that both the rock-crystal and the diamond 
present symmetrical shapes, but the kind of sym- 
metry is very different in the two cases. Look at 
the ix)ck-crystal in Fig. 3, and observe that the 
column has six sides to it, and that the cap has also 
six sides. Now turn to the crystal of diamond in 
Fig. 2, and mark the difference : here is a solid, made 


Fig. 4.— Diigramnuttic Plant of Flowers, showing in (a) siz-sided, 
and in (b) fonr-sided sjmmetry. 

np of an upper and a lower half, each bounded by 
four faces, but showing nothing like the six-sided- 
ness of the rock-crystal The two crystals are, in 


fact, as different in their symmetry as the two flowers 
diagrammatically represented in Fig. 4. In A the 
floral leaves and other parts are arranged in sixes : 
this therefore corresponds with the arrangement of 
the faces in the rock-crystal, where everything is re^ 
peated around the centre six times. In B the parts 
of the flower are disposed in fours : this therefore 
agi’ees in symmetry with the diamond, where the 
faces are grouped around the centi’e in sets of four 
or multiples of four. 


The typical crystal of diamond, rej)resented in 
Fig. 2, has eight faces — ^four above and four below 
— and is therefore called an octahedion. But thei'e 
ai’e many other solids which also have each eight 
faces, and arc hence equally entitled to be called 
octahedm. To distinguish the diamond-form, hoiv- 
ever, it is only necessary to observe that each of 
its eight faces is a triangle, having the thi'ee sides 
equal : these eight equilateral triangles make up 
what is called, for distinction's sake, a re^gidar octa- 
hedron. It is not difficult to obtain such an octa- 
liedron from a common die or cube. If each of the 
eight cornel’s of a cube be projierly cut off, as in Fig. 
5 (a), eight little pyi’amids will be obtained, and 
there will be left behind a perfect regular octahedron 
(b). It is in consequence of this close I’elationship 
between the octahedron and the cube, that the 
student of crystals speaks of the diamond as crystal- 
lising in the cubic system, although the cube itself 
is not a charact<er*istic form of this stone. 

It must not be supposed that every crystal of 
diamond is as simple as that represented in Fig, 2, 
which we have hitherto taken as our type. The 
fonns which the diamond assumes are indeed very 
various, and often exceedingly complex, but these 
forms are all governed by the same law of symmetry, 
and are all I’elated more or less closely to the cube. 
They belong, in fact, to one common group or system. 
Fig. 6 represents some of these characteristic forms 
of diamond. It should be noted, however, that 
the faces are frequently curved. 



Fij. 5.— Cul)o with its solid Anglos cut off in a, and with au “ inscribed ” Octahedron in B. 
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Whatever form the diamond happens to possess 
in its native state, it may always bo split with ease 
into an octahedral shape, like that represented in 




I# 


Pig, 6.— Typical Forms of Crystals of Diamonds 

Fig. 2. This property of splitting in a definite 
dilution is known as cleavage, and is a pro|)erty 
enjoyed by most crystallised substances. If a body 
be uncrystallised, such as a piece of glass, it exhibits 
no tendency to split in one direction rather than 
in another ; but if it be crystallised the case is very 
different, for the effect of a blow is then, not to 
shiver it into irregular fragments, but to split it 
along definite planes. The diamond possesses an 
octahedral cleavage ; that is to say, it splits along 
planes which correspond to the faces of a regular 
octahediDn. 

This proiierty of cleavage is taken advantage of 
by the diamond-cutter in the preparatory operation 
of dressing a diamond. If the ix>ugh stone be not 


other imperfection in the stone, the diamond-splitter 
can detach a slice by a single tap. The experienced 
eye readily traces the direction in which a fragment 

may be split off with 
ease, mpidity, and cer- 
tainty. To effect this 
operation, the diamond- 
splitter — who is repre- 
sented at work in Fig. ? 
— imbeds the stone in 
warm cement, composed 
of a mixture of resin 
and brick -dust, and 
attached to the end of 
a small wooden rod. 
Part of the stone is free, and on this part the 
operator traces, by means of another diamond, 
the direction in wliich he intends to effect the 
cleavage. Then, supporting the rod of wood in an 
upright iK)8ition, by insertion in a hole in a block 
of lead, he places a steel blade in the notch which 
has been cut by the second diamond, and strikes a 
sharp blow on the back of the blade by means of a 
little hammer, which is really a peculiarly-shaped 
steel rod. The stone, having been split by a smart 
tap, is i^eleased from its matrix by warming the 
cement, and is then ready for cleavage in another 
direction. 

After having been duly cleaved, the diamond 
passes to the hands of the cutter, who skilfully 
trims it to the shape which it is I'equired to display. 



already in thb form of an octahedron, it can be 
readily reduced to that form by skilfully-delivered 
blows. Or if it be desired to remove a flaw or 



This operator imbeds the greater part of the stone 
in cement, carried at the end of a wooden handle, 
and then rubs the exposed part against^ another 
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diaoi<»id similArly mounted. In Fig. 6 the cutter 
is seen patiently rubbing the two stones tc^ther 
until the surfaces are sufficiently worn down. His 
hands, it will be observed, are protected by thick 
leather gloves. The operation is performed over a 
small box, which catches the dust^ this diamond- 
dust being of such value for polishing purposes that 
every grain is carefully preserved. 

It is worth noting the successive stages by which 
the “ cutter ” — or, as he might more appropriately 
be called, the ‘^rubber” — is able to develop tihe form 
best adapted to display the beauty of the diamond. 
Let us see, for example, how he could cut the Eegent 
out of an octahedron ; how, in short, Fig. 2 could be 
converted into Fig. 1. The first step is to grind 
down one of the four-sided points, or solid angles, 
to a flat surface, which is called the table of the 
diamond. Thus, if a in Fig. 9 represent a side 




Fi?. 9.--Saccessive Stages in cutting a Brilliant from an Ootaliedron. 


elevation of an octahedron, the summit will be re- 
placed by a plane, as shown in b. Then the opposite 
four-sided point is similarly rubbed down ; but this 
second plane, which is known as the collet^ is much 
smaller than the table, as indicated in B. The line 
which runs horizontally round the stone, between 
the table above and the collet below, is termed the 
jgirdU : evidently it is the natural edge of the octa- 
hedron separating the upper from the lower four- 
sided pyramid. 

Having thus given a general shape to the stone, 
it remains to cut the surface into facets; some 
lozenge-shaped and others triangular. In c these 
facets are in course of formation, and in D they aie 
completed. The shape thus ultimately given to 
the cut diamond is known as the hrilliarU ; and the 
parts of the stone below the collet and the girdle 
are distinguished as the pa^iUonSf while the parts 
between the table and the girdle are sometimes 
termed bezUs. In order to bring out the beauty of 
the diamond to gi*6ater advantage, it is necessary to 
preserve certain proportions between the several 
parts of the stone. The Regent is especially 
notable for the correctness of these proportions, and 
is probably the most perfect brilliant ever cut. It 
wdghs in its present state 136| carats. If the 
proper proportions are not duly respected, the stone 


lacks brilliancy; and this, unfortunately, is tibe case 
with the famous Eoh-i-noor. After it had been 
exhibited in the Great Exhibition of 1851, it was 
cut by Herr Voorsanger, a workman sent over to 
this countiy for the purpose by Messrs. Coster, the 
famous diamond-cutters of Amsterdam. The great 
object was to reduce the irregularly-shaped Indian- 
cut stone to symmetrical form with as little loss of 
weight as possible. As a consequence of this 
economy, the stone is much too broad for its depth, 
and therefore is sadly w’-anting in brilliancy. Fig. 
10 shows the Koh-i-noor in its present form, which 
is that of a thin or spread” brilliant Its weight is 
now 102J carats, the loss during re-cutting having 
been 83-j*^ carats. 

It is not every diamond that is adapted by its 
natural shape to be cut into the form of a brilliant ; 
and stones which could not be so cut without great 

loss of weight are gene- 
rally wrought into the 
form known as a Rose. 
From Fig. 11 it will be 
y// that the rose has a 

1/ flat base, and is domed 

an Ootaliedron. above, the dome being 

cut into two lows of 
facets, the number of which varies, however, in 
diffeiont varieties of the rose. 

After the diamond has been cut into the form of 


f 

' f . 

__ 

ns. lA— The Koh-i-noor. (Jrotiiral £Km.) 

either rose or brilliant, it requires to be polisbed in 
order to develop that lustre and fire wbiob form so 


-T. f. ■ 




Fig. ll.r-A BoM-oat Diamond. 


prominent a feature in tbe beautj of tbe diamond. 
To impart polish, the out stone is imbedded in a 



DIAMONDS. 


193 


fbdble metal, like solder, contained in a copper cup 
which is furnished with a wooden or metal handle. 
The diamond is fixed iu the matrix by hand, and 
the soft metal when warm is worked into a conical 
form, having at its apex the exposed face of the 
diamond which is to be polished. When care- 
fully mounted in this fashion, it is handed over to 
the polisher, who places the exposed face on a 
circular disc of iron mounted on a vertical axle, and 
rapidly rotating in a horizontal plane. The wheel 
is covered with diamond-dust, moistened with oil, 
and a number of diamonds may be placed on the 
same wheel at the same time. The polisher is 
represented at work in Fig. 12. 

In cutting, or rather rubbing, the diamond into 
shape, and in polishing the cut stone, no abrading 
agent can be used except the diamond itself. It is 


confounding hardness with toughness — two physical 
properties which are entirely distinct A pi^ of 
gutta-percha, for example, is so tough that it is tom 
asunder with difficulty, yet so soft that it may be in- 
dented by the finger^iaih On the other hand, the dia- 
mond is so hard that no other substance is capable oi 
scratching it, yet so brittle, that the Begent itself 
xnight be shattered into fragments by dropping it on 
to the ground from the height of only a few feet. 

Every one knows that the prime object in polish- 
ing a diamond is to develop its lustre with due 
effect. This i^emarkable lustre is the result of the 
high power which the stone possesses of reflecting, 
refracting, and dispersing — that is, of shedding 
forth, bending, and decomi^osing — the light which 
falls upon its surfaces. To attempt, however, a full 
explanation of the action of the diamond upon light 


this supreme hardness that gives much of the value would need a special article. It is sufficient here 
to the diamond ; for the roughest wear scarcely to remark that the high refracting power of the 
destroys the sharpness of the cut edges or deadens diamond led Sir Isaac Newton to his famous con* 



jecture that this gem might be an unc- 
tuous substance coagulated.” 

This sagacious inference was confirmed 
by a remarkable experiment conducted in 
1695 by some membei’s of the Florentine 
Accademia del Cimento. In the presence 
of the Grand Duke Cosmo III., they sub- 
jected a diamond to the heat of the sun 
concentrated by a large burning-glass^ 
when they found that the hard, indomit- 
able gem quietly vanished into thin air. 
It sliould be noted, however, that Bobert 
Boyle — one of our earliest experimental 
philosophers, who has been curiously de- 
scribed as “the father of modem chemistry, 
and the brother of the Earl of Cork'^ 
— had previously found that a diamond ex- 
posed to a high temperature is partly dissi- 


its polish. This exceptional hardness of the pated in “acrid vapours.” The true explanation 
diamond is well known, and gives point to the of such phenomena was reserved for the great 


expression “ diamond cut diamond ; ” but the French chemist Lavoisier, who not only burnt the 
popular notion often credits this gem with an in- diamond but examined the product of its com- 


domitable nature which it can scarcely claim. 
Among the many extravagant things which Pliny 
tells us is his remark that certain diamonds have 
such excessive hardness that when struck upon an 
iron anvil the hammer and anvil are tom asunder. 
Tet he coolly asserts that such stones can be sub- 
dued by digestion in goat’s blood, provided that the 
curious solvent be fresh and warm. Without going 
fco this height of extravagance, many believe, even 
nowadays, that a tme diamond will resist the 
blow of a hammer. This popular error arises from 


bustion. A diamond was imprisoned in a glass 
vessel containing air, and standing over mercuiy; 
by means of a burning-glass it was then ignited, 
and the resulting vapour, being confined in the 
vessel, was subjected to chemical scrutiny. This 
vapour was found to be neither moi*e nor less than 
carbonic- acid gas — a gas which consists of carbon 
and of oxygen, and is produced whenever charcoal 
or any other form of cai'bon is burnt, either in pure 
oxygen or in atmospheric air.* 

• VoL L, p. 356. 
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Here, then, was a novel and unexpected disGOveiy. 
If the diamond produced duiing its combustion 
nothing but carbonioacid gas, it is clear that it 
must consist of pure carbon; in other words, it 
is closely related chemically to such familiar and 
widely dissimilar substances as charcoal, coke, and 
black-lead, and would indeed be chemically identical 
with these substances provided that they existed in 
a state of perfect purity. 

To bum diamonds may be an exi>ensive, but it is 
by no means a difficult, experiment. Even the heat 
of a mouth blow-pipe is sufficient to ignite the gem. 
The experiment may, however, be more conveniently 
performed in an apparatus such as that repmsented 
in Fig. 13. Here is a glass vessel containing 
oxygen gas, and having at the bottom a small 



Fig’. 14.— 'Face of an Octahedron of 



Fig. 13.— Burning a Diamond in Oxygen, 

quantity of limpid lime-water. The diamond is 
placed in a spiral of fine platinum wire, or in a 
little boat of thin platinum foil, and a current of 
electricity from a small galvanic battery is sent 
through the platinum. The metal offers a resistance 
to the passage of the electricity, and immediately 
liecomes incandescent. This heat is then commu- 
nicated to the diamond, and as soon as the gem is 
kindled the circuit is interrupted, and the platinum 
consequently ceases to glow. But the combustion 
of the diamond, once started, steadily continues: 
the carbon combines with the oxygen, forming car- 
bonic-acid gas, and the action is sufficiently energetic 
to maintain the diamond at a vivid glow. The com- 
bustion over, the lime-water may be shaken up, when 
it immediately becomes milky, in consequence of 
the formation of an insoluble carbonate of calcium, 
which remains suspended in the turbid liquid.**^ 

* This test for carbonic add hat been fully explained in 
VoL 1., p. 356, 


It is worth noting that after a diamond has been 
strongly heated in air the half-burnt surffme 
exhibits curious triangular impressions, such as 
those seen in Fig. 14. If, on the other hand, the 
diamond be strongly 
heated without access 
of air, its surface be- 
comes blackened. Some 
interesting experi- 
ments on this subject 
were made by Gustav 
Rose, a very eminent 
chemist in Berlin, a 
short time before his 
death in 1873. Dr. 

Siemens had erected a 

powerful dynamo^Iectric machine at his works in 
Berlin, and by the action of this machine a very 
powerful voltaic arc, or electric light, was pro- 
duced. Rose inclosed a diamond in a strong 
glass vessel, from which air had been exhausted, 
and on exposing the gem to the intense heat of 
the arc its surface became en- 
cmsted with a thin layer of a 
graphitic substance, like the 
so-called black-lead of our 
pencils. Indeed, the chemist 
knows that plumbago or gra- 
phite is only another form oi 
the protean element carbon. 

After the combustion of the 
diamond, a small quantity of 
ash generally remains behind. 
This ash has been made the subject of careful micro- 
scopic examination by several eminent observers. 
Petzhold asserted that he could detect in this ash a 
cellular structure, indicating the vegetable origin of 
the diamond ; and Gdppert, who had given much 
attention to such subjects, was inclined to the same 
belief. The evidence, however, does not appear 
sufficiently strong to warrant any assertion as to the 
organic origin of the gem, although evidence of a 
different nature might be ciW to show the pro- 
bability of such an origin. In fact, the genesis of 
the diamond, after all that has been said on the sub- 
ject, remains one of the unsolved enigmas of science. 

Interesting as it might be to trace the geogra- 
phical distribution of tba diamond, and to study 
the geological conditions under which it occurs, 
any excursion in that direction is forbidden by the 
limits of this articla It was explained, indeed, 
at the putset, that our popular study of the dia- 
mond would relate to its physical and chemical 
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histoiy ; and to tliat histoiy we have strictly con- 
fined ourselves. 

From what has been hei^ advanced with respect 
to the crystalline form and the chemical compo- 
sition of the diamond^ we may learn one of the 
great differences between a scientific and an un- 
scientific view of a subject. The man of science, 
in looking on the world around him, detects dif- 
ferences where the uneducated eye sees only re- 
semblances, while he traces resemblances where 
the unscientific observer recognises nothing but 
difference. This general proposition has been strik- 
ingly illustrated in the course of our present study. 
Thus we have found that the inexperienced eye may 
fail to detect any difference between a rough dia- 
mond and a piece of rock-crystal ; but the observer 
who has only the slenderest acquaintance with 


crystal-forms recognises at once a vast difference 
between the two substances. On the other hand, 
an unscientific observer, looking only at superficial 
characteristics, refuses to admit any similarity or 
kinship between a diamond and a piece of charcoal 
or a piece of black-lead ; yet the student who has 
learnt only the veriest rudiments of chemistry 
recognises the intimate relationship that unques- 
tionably exists between these several forms of 
matter. Surely it is no mean triumph of the 
chemist to have shown that a sparkling, priceless 
gem like the Regent diamond is identical in essence 
with the black-lead which the housemaid uses for 
polishing a stove, and is well-nigh identical with 
the coke and charcoal, with the anthracite, and 
with other carbonaceous fuels, which are every day 
being thrown by the ton into our furnaces. 


THE HISTORY OF A HEN^S EGG. 

Bv Thomas Dunman, 

Formerly Lecturer on Physiology to the Birkheck Institution* 


A mongst the numerous natural objects with 
which we are daily brought into contact, none 
is, perhaps, more generally familiar than the egg of 
the common fowl ; nor can there well be found a 
study more replete with interest and instruction 
than the history of its origin and of the wonderful 
changes by which, during the process of hatching, 
it becomes converted into a chick. To place our 
readers in possession of a few of the more im- 
portant stages in this wonderful history is our 
object in the present paper. 

Before considering the manner in which the egg 
is first formed in the body of the hen, it will be 
well to notice briefly the structure of the egg as we 
ordinarily find it when just laid. First, then, we 
have to notice in the new-laid egg that it is invested 
by an outer porous covering, the shell, composed of 
salts of lime deposited in an organic basis. Upon 
examination, the shell will be fouhd to be lined 
with a toughish, opaque membrane, the shell- 
membrane. In perfectly fresh eg^ this shell- 
membrane appears to consist of only a single layer, 
but close examination shows that it is really com- 
posed of two ; a fact which is easily ascertained in 
an egg which has been kept for a few days, as the 
two layers of membrane tend to separate from each 
other at the broad end of the egg, and to develop 
between them a small cavity, into which air passes, 


and which is termed the air-chamber (a ch, Fig. 1). 
As this air-chamber, when present, is easily visible 
when an egg is held up to the light, it forms a ready 
means by which the careful housewife may test the 
freshness of the eggs with which she is supplied. 
The development of this air-chamber is due to the 
shrinkage of the albumen or white of the egg, con- 
sequent upon its evaporation through the porous 
shell. 

Next to the shell-membrane we come upon the 
white of the egg, or, as it is technically termed, the 
alburmi. This material is of two kinds, one rather 
more fluid than the other. A layer of the more 
fluid kind lies next to the shell-membrane, and a 
similar layer invests the yolk. Between these two 
layers the albumen is made up of the less fluid 
material, which consists of a kind of fibrous net- 
work, the meshes of which contain fluid. 

Extending from the yolk on either side nearly 
to the shell-membrane are to be seen, in tlie 
albumen, two opaque, somewhat woolly-looking 
twisted corda These, when examined with a lens, 
appear to consist of opaque white knots banded 
together, and have consequently received the some- 
what fanciful name of chalazoe, or hailstones.* The 
use of these chalazse is probably to act as elastic 
pads to keep the yolk in position. 

* Greek, ckcUaza, haiL 
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Turoing to the yolk, we find it consists of a 
mass of yellow material inclosed in a veiy thin and 
delicate membrane, which is easily creased, and 
which is termed the vitelline, or yolk-membrane,* 
The yolk itself is made up entirely of cells, of which 
there are two kinds, one lighter in colour than the 
other. These lighter-coloured cells constitute the 
so-called white yoUc, while the others form the ydUm 
yolk. By far the larger portion of the yolk is 
composed of the latter, through which the white 
yolk is disposed in the manner shown in our 
diagram (Fig. 1). First, immediately beneath the 
yolk-membrane there is a thin layer of white yolk, 
and this is connected with a somewhat flask-slmped 
mass of the same material occupying the centre of 
tlie general body of the yolk, while several thin 
layers of white yolk are arranged through the mass 



Fig. l.-*l)iagramiiiatic Section of a Fowl’s Egg. 

W) Blat^erni ; (,wy) Wliite Yolk ; (jw) Yellow Yolk ; (rt) Vitelline Membrane : 

Chalww: (ack) Air-chamber; (itm) Internal Layer of 
Shell Membrane ; External Layer of Shell Membrane ; (a> ShelL 

concentric with the external layer. Resting on the 
yolk, immediately, beneath the yolk-membrane, will 
be seen a small, whitish, disc-like body, about 
one-eighth of an inch across. If this be examined 
with a lens, it will be seen to exhibit two more or 
less well-defined parts — an outer white ring, and an 
inner transparent circular space, in which dots of 
white are usually seen (Fig. 2). This disc is the 
so-called blastoderm, f From it, and from it alone f 
the future chick will be developed, the remainder of 
the yolk serving only as nutriment for the chick 
until hatdied. The central clear space is called the 
pellucid a/rea^ the outer white ring the opaque area. 
It is in the pellucid area that the chick is developed, 
the opaque area giving rise to certain temporary 
structures, which serve a purpose ending with the 
hatching of the egg. As shown in the diagram 
(Fig. 1), the blastoderm rests upon the top of the 

* latin, viUUvMf yolk, t Greek, bUutoi, a germ ; and 

a ikin. 


fiask-shaped mass of white yolk, between which and 

its lower side is a small cavity filled with clear fluid, 

in which a few cells may be seen floating. The 

blastoderm itself consists at ^ 

this period of two layers of 

cells, and the upper layer, ex- 

tending beyond the edges of 

the lower one, rests directly 

upon the white yolk, and ^ 

gives rise to the opaque ai’ea. Fig. 2 .— Biagtoderm at 

m, xi. X X teen from Above. 

IJiese are tne structures (oa) opaque Area; (pa) Pellucld 

• lit 1 Area. 

present in the hen s egg when 
laid ; but in order to thoroughly comprehend their 
history and relative importance we must go back to 
a much earlier stage, and trace their formation in 
the body of the hen. 

As every one knows who has ever prepared a 
fowl for cooking, there is always found in the body 
of a laying hen a structure commonly known as 
the ‘‘ egg-bag,” which contains seveitil small yellow 
spherical bodies, inclosed in delicate capsules. Each 
of these yellow spheres resembles the yolk of an 
egg in being composed of yellow and white yolk- 
cells, and also in lieing inclosed in a delicate yolk- 
membrane. Each of these spheres is a so-called 
ovunif or egg proper, and is found to contain a 
small disc, the germinal disc^ inside which is a small 
bladder-like body, which is the germinal vesicle^ 
while inside this again is a small spot, the germinal 
spot (Fig. 3). 

When the ovum is quite ripe, the capsule bursts, 
and it is discharged into a long tube with muscular 
walls, which is termed the oviduct. In this tube 
the accessory structures are added to the ovum so 
as to convert it into the egg ready for laying. In 
the upper portion of the oviduct the white of the 
egg is deposited round the yolk ; next the chalazae 
are formed. A little lower down, the shell-mem- 
brane is deposited, and 
lower still the shell is ^ 
formed by the pouring 

out of a thick white f/ ^ 

fluid in which mineral // \ I 

matter is deposited. li 11 

After this last process, ^ . JJ 

which takes some twelve 
or eighteen hours, the 

egg is passed with its Fig.8.--OvnminOap3i]leot 

narrow end downwards (cioapsuleUt^nrltSine Membranes 

to the exterior, and is, 

, . , spot, 

as we say, laid. 

These are, however, by no means 
changes -^hich take place in the ovum during its 
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passage down the oviduct As soon as the ovum 
enters the oviduct the germinal vesicle and ger- 
minal spot disappear. At the same time, remark- 
able changes take place in the germinal disc. 
First a furrow makes its appearance, crossing the 
disc and dividing it into two ; this is followed by a 
second furrow at right angles to the first, and so 
the disc becomes divided into four segments. 
These primary furrows ai’e very speedily followed 
by others, some passing like radii from the centre 
to the circumference, others crossing these, and so 
cutting the germinal disc into a number of small 
segments, each of which constitutes a cell (Fig. 
4, A B c). A somewhat similar process goes on 
beneath the surface of the disc, and eventually 
there is produced from it the blastoderm, with its 
two layers, such as we find it in the laid egg. 

It will be observed that the blastoderm, which, 


the opaque area ; it, moreover, gets first oval and 
then pear-shaped, the long axis of the pear lying 
across the long axis of the egg, at right angles to it 
The broad end of the pear-shaped pellucid area will 
be developed into the head, and the narrow extre- 
mity into the tail of the future chick. At the same 
time, the blastoderm, which, as will be remembered, 
consisted at starting of only two layers, acquires a 
third layer, which becomes inteiposed between the 
other two. To the three layers of which the blas- 
toderm is now composed special names have been 
given. The outer layer is termed the ejnhUist 
the middle layer is termed the meaohlast;^ the 
lower layer is teimed the hypohla8t\ As wull be 
seen, these names, however formidable they may 
api^ar at first sight, simply signify respectively the 
layer which is on top, the layer which is in the 
middle, the layer which is underneath. 



Fig. 4. --Surface Yiews of the Early Stages of the Segmentation of a Fowl’s Egg. 


From the upper layer 
will be formed the outer 
layer of the skin, with the 
feathers, claws, &c., the 
brain and spinal cord, and 
the principal parts of the 
eyes, ears, and nostrils. 
From the middle layer 
will be formed the bones, 
muscles, tendons, nerves, 


as we have already said, is the only part of the egg true-skin, blood, blood-vessels, and the outer coats 

which is developed into the chick, is produced by of the gullet, stomach, and intestines. From the 

the method just described from a single cell. This lower layer will be formed the lining membrane of 

cell, like all other cells, is composed of that sub- the gullet, stomach and intestines, and of the lungs, 

stance known as protoplami, which is present as an . We see, therefore, that each layer has a definite 
essential constituent in all living beings. The and distinct function to perfonii in the process of 


process of splitting up, by which the germinal disc development, 

becomes converted into the blastoderm, with its As soon as these three layers of the blastoderm 


upper and lowei^ cellular layers, is known as 
mevUaJlion. 

We have thus traced the history of the hen^s egg 
from its earliest appearance in the body of the hen 
down to the time of its being laid ; we have next 
to see what happens in the course of its develop- 
ment into the perfect chick. 

When the egg is laid, the processes which we 
have been describing cease, unless the egg be sub- 
mitted to an amount of warmth similar to that in 


are established, a very important process takes 
place, by which the embiyo becomes folded off 
from the rest of the blastoderm. The manner in 
which this is effected will be made clear by Fig. 6, 
which is intended to represent a section taken in a 
vertical direction from head to tail through the 
future embryo. The pellucid area, which is at 
first quite flat, soon becomes marked off from the 
rest of the blastoderm by a groove, which is repre- 
sented in section in the diagram, and is roughly in 


the body of the hen ; this may be brought about 
either in the natural way, by the hen sitting upon 
le egg, or by some ardficial method of incubation. 


ihever method be adopted, the subsequent 


charts are the same. 


the form of the letter 8. This is known as the 
/esod/ofo?, and is speedily followed by the appear- 
ance of a similai’ fold at the opposite side of the 
blastoderm; this latter is known as the tail-fold. 
These two folds grow gradually towards each other, 


Ab soon as incubation commences, the peUucid . ^ 

area gets much more strongly marked off from f oreek, me«M, middle. t f^spo, undeK 
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Kg.l5.— The Head-told. 


ihe head-fold backwards, the tail-fold forwards, and 
thus tend to divide the yolk 
into two portions, as seen 
^ in Fig. 6. Lateral folds 
, \ also grow inwards from 
each side. The upper sac, 
which is something like an 
inverted boat, is the em- 
hryonic $aCj the lower is 
the yolk-^cic ; these two sacs 
being connected by a gradu- 
ally narrowing stalk, the cavity of which speedily 
becomes obliterated. The embryonic sac grows at 
the expense of the yolk-sac, the latter supplying 
nutriment to the former ; and a day or two before 
the chick is hatched the yolk-sac, which by this 
time has become very small, is slipped into the body 
of the embryo — that is, the 
very young chick (Fig. 7). 

While all this is going 
on, important changes are 
\ taking place in the pellucid 
\ area itself. First there 
appears a narrow gi'oove 
near its hinder (narrower) 
end — this is the primitive 
groove (Fig. 8, pr)* This 

groove, however, soon dis- 
Fig, 6.— Head and Tail Folda. j 

«) Embryo; (y) Yolk-Sac. Appeal'S, and seiwes no ap- 
parent purpose. In front 
of it another groove, destined to be permanent, sub- 
sequently appears — ^this is the meduUary groove^ 
and by the side of it the blastoderm is raised up 
into two folds, known as the medullary folds. 
Immediately beneath the bottom of the groove is 
formed a small, flattened, 
elliptical rod, which is 
known as the notochord,^ 
\ This forms the axis round 
\ which the future segments 
I of the backbone will be de- 
j veloped. The medullaiy 
folds, rising up by the side 
of the medullary groove, 
gradually bend over towards 
each other, and, meeting 
in the middle line, con- 
vert the medullary groove 
into a canal. In the front part of th^ canal, 
which subsequently becomes closed at both ends, 
is developed the brain, while in the hinder portion 
the spinal marrow is formed. 

* Greek, no(on, the book. 




Figr. 7.— Dleappeoranoe of 
Tolk-^c. 

(Si Embryo ; (y) Tolk-Sac. 



Fig. 8.— Primitive (pr) ana 
HeduUary {mg) Grooves. 


Contemporaneously with these changes the bias* 
toderm commences to grow, and gradually extenda 
itself, immediately beneath 
the yolk-membrane, over 
the whole of the yolk. 

This process, combined with 
those just described, will 
tend to produce a struc- 
ture consisting of two 
tubes — one formed fiom 
the medullary groove in 
the manner just described 
the other formed by the 
closing in of the blasto- 
derm and the gradual dis- 
appearance of the yolk-sac. 

If, however, we consider 
for a moment the structure of the body of the perfect 
chick, we shall find that it consists of a single tube 
in the region of the back, containing the brain and 
spinal cord, and of a double tube below, formed by 
the body-walls inclosing a second tube formed by 
the digestive canal. If a cross-section of the body 
of the chick be taken, the appearance will be that 
shown in Fig. 9. Evidently, then, some further 
change must take place in that portion of the 
blastoderm which is to form the lower tube, as, 
under present circumstances, it will form only a 
single tube beneath the one developed fi*om the 
medullary gi-oove. This further change consists 
in the splitting 
of the middle 
layer into two, 
the outer por- 
tion uniting 
with the epi- 
blast, the inner 
portion uniting 
with the hy- 
poblast. Ill 
this way the 
blastoderm is 
made to consist of two leaves, which, by gradually 
developing a space between them, become per- 
fectly distinct from each other. The process hy 
which this is brought about is known as the 
cleavage of the mesoblast. This cleavage com- 
mences in the region of the back, at a little distance 
on either side from the medullary groove, so that 
on each side of the latter there remains a narrow 
plate of the blastoderm which is not split. In the 
same way the blastoderm in the region of the head 
remains uncleft. A reference to Figs. 10 and 11 



Fig. S.^Transverse Seotion of Body of Ckick 


Oic) Neural Canal :(ua) Alimentary Canal; 
Bedy-Wall. 
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g, 10.— Transverse Section of Embryo, iliowing 
Cleavage of the Heaoblast. 


will make this clear. Fig. 10 represents the em> 
bryo cut across, showing the primitive groove, 

notochord, 
and the points 
where the 
cleavage of 
the mesoblast 
commences. 

Fig. 11 re- 
presents a section cut lengthwise through the axis 
of the embryo. 

When these two definite sheets of the blastoderm 
are established, the latter continues to grow over 
the yolk-sac and to be folded in as before ; but the 
inner sheet is folded in more quickly than the 
outer, consequently the space between the two 
sheets gradually increases. The inner sheet will 
eventually form the walls of the digestive tube, and 
the outer sheet will form the body-walls; conse- 
quently the former is 
known as the visceral 
sheet, or 82 ^lamhno 2 )leure^^ 
while the latter is termed 
the hody-layer or somato- 
pleure.t It will be clear 
that the space between 
these two layers will re- 
present the space existing 

between the body-walls 

and the viscera in the per- 
feet chick (Fig. 11). 

We must now return to 
the back or dorsal region of the embryo. It will be 
remembered that on either side of the medullary 
groove the blastoderm remains unsplit for some little 
distance. Consequently there is on each side of the 
groove a narrow plate of blastoderm difiering from 
the rest. At an early period these plates, which arc 
termed the verUbral plates^ become marked out into 
a number of small square plots by the development 
of transverse partitions. These little square plots 
are the so-called protovertehree^X or first vertebrae, 
and out of them will subsequently bg formed the 
segments, or “joints,” of the backbone, together 
with the roots of the spinal nerves and portions of 
the muscles of the back, &c. These protovertebrae 
extend backwards from the region of the embryo 
which is to be the neck of the future chick, but 
are never developed in the region of the head 
(Fig. 12). 

All the processes which we have as yet described 

* Greek, Sjoianchnat entrails ; and pleura^ idde. 

t Greek, soma, a body. J Greek, pivtos, first. 



-Longitudinal Section 



are initiated dining the first day of incubation, and, 
as will be seen, they result in the laying down, as 
it were, of the general lines upon which the body of 
the chick is to be constructed. It will, however, 
be understood that all these changes go on more 
or less contemporaneously for, in most cases, the 
whole of the period during which the chick remains 
within the egg. There is 
no necessity for us to trace 
them farther, as it is easily 
seen that if they are con-^^. 
tinned until complete they 
will result in the produc- 
tion of a creature bearing 
a general resemblance to a 
fowl ; we shall, therefore, 
devote the remainder of 
this paper to a brief de- 
scription of the manner in 
which certain special organs 
of the chick are developed. 

One of the most obvious 
requirements for the pro- , 

A ^ • i» 1 . ^ • ' 1 12.— The Protovertebro. 

ductionof the perfect animal (mg) MeduJUry (4rcovi* ; (pr) Proto- 

is the development of the vtuebru). 

limbs, for which, at present, we have seen no 
provision made. These first become distinctly 
apparent, about the fourth day of incubation, as 
small, flattened, conical buds, which project out- 
wards from that portion of the blastodeim where 
the cleavage of the mesoblast commences. The 
front limbs or wings are the fii'st to appear, and for 
sbme time their development keeps in advance of 
that of the hind limbs. About the tenth day both 
limbs are, so far as mere shape is concerned, per- 
fect, but are destitute of feathers and nails, which 
do not appear till the thirteenth day. 

One of the most interesting features of the 
development of the chick is the formation of the 
heart and blood-vessels. It must be borne in 
mind that at the close of the first day the embryo 
is nothing but a mass of cells which have all been 
produced from the single cell of the ovum, as found 
in the ovary of the hen ; at this stage, thei'efore, 
the embryo chick is precisely compaiuble witli the 
cellular embryo contained in the seed of a plant 
One of the most interesting and important results 
of the study of embiyology has been tlie tracing of 
the formation of the various tissues of the body 
from these purely cellular elements. 

About the thirty-sixth hour of incubation there 
appears just beneath the region of the neck a small 
mass of cells, which is the rudimentary heart. The 
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cells are formed entirely from those of the nuddle 
layer of the blastoderm, and ai^ collected in the 
vpsjce between the body-layer (Somatoplev/re) and 
the visceral layer {Splmichiopleure) of the embryo. 
At first this mass of cells is solid, but it speedily 
acquires the form of a hollow tube, containing a 
small quantity of imperfectly formed blood. Con- 
siderable doubt for a long time existed as to the 
manner in which the rudimentary heart became 
hollow, but it seems now to be certain that its 
cavity is formed by the central cells of the mass 
becoming liquefied and forming blood, while the 
outer cells become gi'adually developed into its 
musculai* walls. Almost as soon as the heart is 
thus laid down it begins to pulsate, slowly at first, 
but with the increasing development of the walls 
the pulsations soon become more regular and more 
rapid. 

To thoro\ighly understand the further steps in the 
development of the heart, wemust remind our hearers 
of its structure in the perfect fowl. The heart con- 
sists of a hollow muscular (fleshy) organ somewhat 
in the shape of a blunt cone. Internally the heart 
is divided into two halves by a muscular partition, 
and these two halves are known respectively as the 
right and left sides of the heart, and they do not in 
any way directly communicate with each other. Each 
half of the heart is again divided into an upper and 
a lower chamber, which communicate with each 
other by an opening guarded with a valve so con- 
structed as to allow of the blood passing from the 
upper chamber to the lower, but not in the opposite 
direction. The heart of the fowl will thus be seen 
to consist of four chambers, two upper and two 
lower ; the former are the receiving chambers, and 
are termed auricles^ the latter are discharging 
chambers, and are termed ventricles. Into the 
atfiicles the blood is poured by the great veins, 
from the auricles it passes into the ventricles, and 
from the ventricles into the arteries. The right 
side of the heart receives blood which has been aii 
over the body and has become impoverished and 
impure ; by the right ventricle this blood is driven 
into the pulmonary artery^ which conveys it to the 
lungs {pulmonay a lung). In the lungs the blood 
becomes purified, and is returned from thence by 
the four pulmonary veins to the left side of the 
heart Finally, from the left ventricle it is driven 
into the large artery, the aorta^ by the various 
branches of which it is conveyed over the system 
generally. 

Having seen the structure of the heart and its 
connection with the principal blood vessels in the 


fowl, iet us return to the heart of the embryo, 
which, it will be remembered, we left as a simple 
tube. The first step in its further development is 
the marking off of the tube into three parts by 
constrictions, as shown in Fig. 13. The lower part 
will become the future auricles, 
the middle part will form the 
ventricles, while the upper 
part will form the roots of 
the great arteries (pulmonary 
artery and aorta). As develop- 
ment proceeds, the tube gets 
bent, so that eventually the 
ventricular portion comes to 
occupy the lower position and 
to be pointed towards the left 
side of the embryo. At the 
same time the auricular por- 
tion is made to occupy the 
upper part of the heart, carry- 
ing with it the great veins, 
while the arterial portion occupies the front upper 
aspect. These changes are shown in Fig. 14. 

Meanwhile partitions are developed in all three 
portions of the heart, whereby the ventricular and 
auricular portions are formed, each into two distinct 
chambers, and the arterial portion into two distinct 
vessels — ^the aorta and pulmonary artery. It is 



Fig. 18.->l>evelo 
the Heart of the ] 


teat of 
Imbiyo. 


(ar) Arterial Bulb ; (w) Ven- 
tricle ; (att) Auricle. 



Fig. 14.— Filial Changes (▲ b o) in the Heart of the Embryo, 
(or) Arterial Bulb; (v) Ventricle ; (au) Auricle. 


worthy of notice that the partition between the 
auricles remains for some time incomplete, so that 
before the chick is hatched there is a direct com- 
munication between the right and left auricles. At 
the time of hatching this opening is closed up. 

The formation of the blood-vessels is brought- 
about, according to the observations of Messra 
Foster and Balfour, in the following manner : — In 
the middle layer of the blastoderm a number of 
cells at different points are seen to send out long 
processes” (protuberances) which, xiniting to- 
gether, form a rudimentary network, the cells 
answering to the knots of the network. These 
cells speedily multiply by dividing, and eventually 
the innermost cells become liquefied, and the outer 
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cells are aggregated together and modified, so as to 
form the walls of the blood-vessels at these points. 
In the same way the processes ** between the cells 
become modified so as to give rise to blood inside 
and to the walls of the blood-vessels on the ex- 
terior. In this way that wonderful system of 
blood-vessels which permeates every part of the 
system is giudnally developed. 

We have dwelt somewhat at length upon the 
development of the blood-system, because it aftbrds 
one of the most perfect and most easily compre- 
hended instances of the formation of a series of 
highly complex structures from simple cellular 
elements. The development of the other organs of 
the chick we can only briefly refer to. We have 
already seen that the gullet, stomach, and intestines 
(forming the so-called alimentary canal) are formed 
by the folding in of the visceral leaf (Splanchno- 
pleure) of the blastodeim. As outgrowths of tliis 
canal, ai'e formed the liver and other glands con- 
nected with digestion. The lungs are also formed 
as outgrowths of the gullet, from which they sub- 
sequently become detached. The brain and spinal 
cord are formed in the medullary canal, as already 


stated, from the epiblast, the nerves being derived 
mainly from the mesoblast. 

The ear and eye are formed partly by the folding 
inwards of the integument and partly by outgrowths 
from the brain, while between these two elements 
cells from the mesoblast are interposed. 

We have here briefly summaiised the principal 
facts connected with and explanatory of the history 
of the hen’s egg from its earliest formation to its 
complete conversion into a perfect fowl, and our 
readers will, we are sure, agree that it is a history 
as interesting as it is wonderful. But, however 
interesting it may be when considered merely as 
an isolated instance of development, it gains ten- 
fold in interest when we consider it in connection 
with the rest of the animal world ; for it is one of 
the greatest triumphs of modern science that it 
has shown the development of the chick to be 
the type of the development of all the higher 
animals, including man himself. With some slight 
modification of details, all that has been said with 
regard to the developmental history of the chick 
would be equally true if applied to the development 
of the human subject. 


GROWTH. 
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observant and thoughtful reader, who has 
X stood on a sea -beach and watched the rippling 
waves breaking upon the shore and arranging the 
shining sands in long-drawn-out lines of golden 
hue, may perchance have allowed his thoughts to 
wander from the fair scene before him, and to 
dwell upon some of those phases of this world’s 
history in which sand and sea play no unimportant 
part. The history of sand-particles earned off* by 
the waves to farther depths of sea, there to be 
worn down to still more minute bulk, and finally 
to be added to the deposits of the sea-bed, con- 
stitutes in reality a chapter in the^growth of the 
world itself. From such deposits, tom from the 
land and aiTanged by the sea-waves, the rocks of 
the past have been made, as the rocks of the future 
are being formed to-day. And could our imagina- 
tion, aided by scientific bent, picture the future 
disposal of the existing matter of our earth, we 
should be surprised to find how large a share of 
this world’s growth depends ui>on the continuous 
woi'k of such minor agencies as the brooks and rills 
74 


of our land, or the “ toying wavelets of a summer’s 
sea.” From such a thought and from such a 
special phase of geological study, which sees in the 
waste of one world the elements which provide for 
the growth of the next, our mind naturally turns 
to the nature of growth and increase in the universe 
at large. Unconsciously to ourselves, we picture 
growth as a universal condition of the world in 
which we live. The dead or inorganic matter of 
tfie world is everywhere being added to, and no 
less does the world of life exhibit a constant 
increase as its unvarying heritage. Life and 
growth mean one and the same thing ; they are, in 
tnith, convertible terms. The most familiar phases 
of animals and plants appear before our eyes as 
the results of orderly increase ; and even the ex- 
pectation of seed-time and harvest,” the hope of 
a “ golden reaping ” after the gi’een blades of spring, 
is but a simple assertion of the fact that growth and 
increase are essential facts of life. 

An instructive study may be said to lie before 
us if we endeavour to discover the modes and. 
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fashions of growth which pi’evail in the world at 
large. In the contrast between the increase of the 
lifeless world and that of the universe of life^ we 
may light upon many facts of importance far 
beyond that which attaches to a passing intei^est in 
the subject of growth itself. And our survey may 
also tend to show us how beautifully correlated are 
the forces and actions of nature as exhibited both 
in the non-living world, and in the sphere of life 
which that lifeless universe may be said wholly or 
in greater part to sustain. 

The growth of non-living things differs very 
mateidally from the increase of animals and plants. 
Rocks, and dead or inorganic bodies at large, may 
be said to grow in one chief fashion. They increase 
by the addition of new particles to their outside 
surfaces. The fresh matters are dei)osited ^mply 
on the outside of the old, and without any special 
reference to the previously existing materials. A 
rock grows, in short, very much as a snow-ball 
increases in size. The new particles of snow are 
added, in the case of the snow-ball, to the outer 
surface, and bear no relation to the matter of 
which the snow-ball already consists. Now, this 
process of outside growth is known as that of 
accretion; and, as we have just said, such a mode 
of increase is characteristic of the inorganic or liie- 
less world at large. Rocks grow by the addition 
of fresh particles which are deposited on the outside 
of the already-formed materials ; and a similar 
pi*ocess may indeed be said to have mai'ked the 
growth of the universe itself, viewed as an indi- 
vidual planet amongst the countless orbs that circle 
through space. 

But more exact and detailed observation of the 
process of growth and increase in the world of 
non-living matter, shows us some interesting and 
curious features included in the work of accre- 
tion.” There are some phases of growth in lifeless 
bodies so marvellous, that at first sight they might 
seem to mimic the more intricate increase of living 
beings. Such are the phenomena observed during 
the crystallisation of fiuids, when atom is added to 
atom, and particle to particle, with a regularity 
infinitely more exact Ilian that wliich guides a 
bricklayer in the adjustment of the elements of 
his walk A saturated solution of alum, or nitre, 
or sugar, will exhibit the wonderful phenomena of 
crystallisation in their full glory. Under scientific 
treatment, we see how the atoms of each substance 
rush together to combine in crystals of special and un- 
varying form in each case, and we note in this action 
the influence of that reign of law which rules atoms 


and worlds alike. To see a solution of sugar ot 
lead decomposed by the electric current, is a sight 
at once curious and instructive. The lead-atoms, 
liberated by the electric influence, build themselves 
into crystals of wondrous beauty of form, and 
mimic the graceful symmetry of plant-life with 
marvellous exactitude. So astonishing is this 
process of the building of this leaden vegetation, 
that one is at first sight tempted to think of the 
growth of a living being, and most naturally of 
the sudden growth and increase of some fairy plant. 
But in Nature's own laboratory the process of crys- 
tallisation, and the wonderful results of its action, 
are as I’eadily to be observed as in the chemist's 
workshop. ‘‘Jack Frost's” decorative exertions 



on our window-panes present us with an apt illus- 
tration of the orderly arrangement of the atoms of 
water to form the frost-ciystals and the fairy ti’acery 
of a winter night. And if we take the trouble to 
look at the crystals of snow (Figs. 1 and 2), and mark 
their elegant symmetry — arranged like rock-crystals 
in sixes — we may find exquisite beauty of form and 
mathematical regularity of outline exemplified in 
the world's white dnq^ery itself. Even the ice- 
blocks can be shown to be built up by interlaced 
crystals. For when a beam of the electric light is 
sent through a block of ice, that substance melts 
and undergoes liquefaction in its iiiterior, beautiful 
six-sided spaces or ice-flowers appearing around the 
little shining points which soon exist everywhere 
within the ice-block. 

Wondrous and impressive as are these processes 
of ciystallisation, we must be careful to note the 
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exact fashion in which the crystals grow. like 
the snow-ball, they are the products of “ accretion 
they grow by the addition of new atoms to their 



Fig. a—Snow Crystals. 


outside surfacea A crystal of alum, of sugar, or of 
salt, immersed each in a solution of its own sub- 
stance, will grow, in virtue of the laws and actions 
by which it attracts the particles towards itself. 
And although there is much that is curious and 
eveiything that is wonderful in the process, it is 
after all a purely mechanical action. There are no 
limits to its extent; the crystal will be neither 
better nor worse for the additions made to it, save 
in point of size. There is no active resi)onse made 
by the crystal itself to the atoms which it attracts, 
just as these particles in their form evince no 
intimate relationship with, or intei’est- in, one 
crystal or another. And of the formation of larger 
bodies than crystals the same rema^ holds good. 
How, for example, have those curious lime-pillars 
found in limestone-caves, and named stalactites and 
stalagmites, been formed ? These icicle-like Pinal’s 
of lime sometimes attain a very large size, and 
may weigh many tons. Standing in one of the 
larger limestone caves of the world, one might with 
little stretching of imagination fancy that he stood 
in the aisle of some primitive cathedral, flanked by 
massive rock* pillars and cohirans of giant size. 


That these cave-pillars must have ‘‘grown” is a 
self-evident fact. Their very appearance is indi- 
cative of gradual growth, and their history may, 
therefore, present us with a very typical example 
of how lifeless things grow. Their source of origin 
relates them to water charged with chalk (ca/rhonate 
of lime), which has been formed by the union of 
the gas called ca/rhonic acid (contained in the water) 
with the lime (obtained from the rocks). Under- 
ground, water and its dissolving powers are respon- 
sible for the work of excavating limestone caves 
themselves, and from the roofs of such caves water 
is continually dropping. This water, laden with 
its chalk-atoms, trickles in drops from the cavern- 
roof to its floor. Resting for a moment on the 
roof, each drop of water leaves attached thei’eto a 
few particles of its limy bui’den, the water being 
diminished by evaporation, and being therefore 
unable to carry as much lime as before. Now, let 
us multiply our water-drops by myriads, and the 
period during which they drop by centuries, 
anA we shall find that in due time the stalac- 
tite will come to depend from the cavem-roof, 
formed thus by an action so trifling when casually 
viewed as hardly to merit attention, but seen to be 
powerful almost beyond realisation when its ele- 
ments are multiplied by numbers, and its duration 
by cycles of years. Nor is this all. A similar 
process of evaporation of part of the water-drops 
takes place on the floor of the cave, and slowly, 
but surely, built up thus particle by pariicle, the 
stalagmite grows upwards towards the roof, as con- 
versely the stalactite gi’ows downwards towards the 
floor. Whilst occasionally, the stalactite will unite 
with the stalagmite to form a complete and jierfect 
limy pillar, obstructing the cave from roof to floor. 
Thus we see that the regular growth of these lime- 
pillars, which as natural objects grow regularly 
and, as a rule, symmetrically, is like the formation of 
crystals, a matter of outside increase or “ accretion.” 
And the further lessons we may derive from the 
study of such productions, may be recapitulated 
and summed up in the I’emarks — flrst, that the 
process is a purely mechanical one ; secondly, that 
the object which grows or is being formed evinces no 
sympathy or interest in its increase; and thirdly, 
that the continuance of the process of increase, or 
its stoppage, would be attended with no disastrous 
results to the lifeless thing— crystal or stalactite, 
as the case may be — save, indeed, as producing a 
mere diflerence in size or form. 

The consideration, even casually, of the common 
history and every-day life of animals and plants 
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reveals, on the other hand, a widely different state 
of affairs* Indeed, the process of increase in a living 
being is opposed, in a very striking fashion, to that 
we have just noted as occurring in the world of non- 
living matter. Let us endeavour briefly to trace 
the processes by means of which animal and plant 
respectively attain their full development, and we 
may learn how characteristic and varied ai*e the 
laws and powers which rule the increase of the 
world of life. Selecting the seed of a pea or bean as 
typical of the ordinary courae of plant-growth, we 
speedily discover that it is the seat of powers of 
very different character from those w hich hold sway 
amongst the crystals and ice-atoms. Split the pea 
or bean lengthwise (Fig. 3 b), and you find it to be 



Fig* 8.— 'Bean: (▲) Embryo with Seed-coat removed; (b) Embryo 
minus one Cotyledon. 

(a) Point of Separation of Cotyledon. 


made up of two bodies, named cotyUdonSy or seed^ 
leaves (c), which are, however, unlike leaves ” in the 
present instance, and which appear simply as two 
fleshy lobes, containing material for the nutrition 
of the young plant. The emhryOy or young plant 
itself, exists as a little projection towards the con- 
cave side of the bean, and we may distinguish 
even now the first beginning of a root in the little 


radicle (r), and the first traces of a stem in the 
little plumvle (/?). Kept above ground (Fig* 4), 
the seed exhibits no traces of vitality. It has 
no tendency to attract matter towards itself, save 
under certain conditions — ^these latter being its 
insertion in the ground, and the presence of heat 
and moisture. Soon after its insertion in the 


ground, we note the development of active 
powers, which result in the bursting forth of the 
little stem, and in the downward growth of the 
root. Time passes, and leaves appear (Figs. 6 and 
6); growth is active in every part of the new 
plant, and its full fruition is marked at last by 
the crowning glories and successive stages of flower, 
fruit, and seed ; so that 
we return with the seed 
to the point at which 
our observation of the 
plant began. 

The course of ordinary 
plant-history, however, 
has no special attraction 
for us at present. Our 
inquiry directs us rather 
to the query. How have 
the results of that his- r 
tory been attained? How j 
does the plant pinvide 
for its giowth ? Howai^ ! 

bud and blossom, leaf 
and flower, fniit and 
seed, produced and 

evolved, as the results 
of growth and increase ? 

TliP fpnlipa fliPfSA Fig. 5.— Haricot Bean Germinat- 

ine replies to tnese (Embryo hurHtmg iuroagu.) 

questions will serve in- 
stinctively to show us the wide gaps which separate 
the living from the lifeless world. It requires no 
exercise of thought to perceive that the mode of 
growth of the pea or bean is certainly not that of 
the crystal or the stalactite, which themselves are 
but types of all lifeless things. The crystal in- 
creased by additions to its outside surfaces, and 
the frost-fems on the window increased likewise 
by external growth, and by mere accretion. There 
was no growth or expansion of one 
crystal into many, nor of one ice-particle 
into a frost-fem. In the plant, on the 
other hand, we saw that the “ seed ** con- 
taining the ‘‘ embryo,^^ or young plant, by 
a process of develojmcnt, produced the 
new being. The crystal grew by mere 
addition; but in the plant there was seen 
the production and evolution of new and varied 
organs from parts and structures which were at 
first of similar nature. Internal develo 2 >ment, and 
not outside addition, is clearly the law of living 
growth. The crystal can only extend its own fonn 
by the most mechanical of processes. The living 
being produces, by complicated procei^es, organs 



Pig. 4.— Haricot Bean Germinating. (First ) 
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and parts of which the seed, or germ, gave no 
apparent promise. It is thus observed that the 
living plant and its germ are the seats of powers 
and acts which are utterly unrepresented in the 
world of non-living matter. 

Nor does the growth of a plant differ from that 
of a crystal only in these details. The outside 
growth of the crystal, or stalactite, is not merely 
opposed by the inside growth of the living being, as 
we have seen, but the matter upon which the living 
being subsists is unlike itself. The crystal of alum 



or sugar will only grow if placed in an alum and 
sugar-solution respectively. The saying that ** like 
draws to like ” is really and literally true of the 
growth of non-living nature. But the young plant 
in its earliest phases of development, and from the 
moment when its primitive rootlets extend down- 
wards into the soil, takes to itself from the outer 
world matter that is unlike itself. If we obtain an 
analysis of our plant, the chemist will inform us that 
it is a highly complex body. It contains starches 
and sugars and fats, and many other matters, which 
as such are not to be found in the soil into which 
its roots penetrated, or in the air into which its 
stem grew. From the soil it obtained water and 
mineral matters, the air supplied it with carbonic- 
acid gas, and the soil and air together gave it 
ammonia. Upon these substances, and under the 
genial influence of the sun’s light and heat, the plant 
grew, and transformed its ‘‘food” — as we term 
the matter drawn from the outer world — into the 


complex sugars, fats, <bc., of which its body was 
composed. Here there has therefore been per- 
formed an action of which not the slightest traces 
are discernible in the increase of the crystal. The 
plant has taken matter unlike itself from the outer 
world, and it has further, by the exercise of its 
vital chemistry, transformed this matter into the 
substances of which its body is composed. 

Nor should we find the story of the animal and 
its growth to be less remarkable than the history of 
the plant. The animal grows from its egg, as did 
the plant from its germ, by the absorption from the 
outer world of “ food,” that is, of matter unlike 
itself. By the exercise of the powers with which 
life has invested it, the animal is capable not only 
of appropriating such matter, but of converting it, 
like the plant, into the substances of which we 
know the animal frame to consist. And thus both 
animal and plant grow by a process the exact oppo- 
site of “ accretion,” and which we name mtm- 
8U8ception — the receiving of matter within the body. 
Kor must we neglect to add to this i)rimary differ- 
ence between living and non-living increase, another 
which calls upon us to remark that the matter 
added to crystal, or stalactite, is unaltered in cha- 
racter, and is usually of a similar nature to that of 
which the non-living body is comi)Osed. Sugar part- 
icles are added to sugar particles in the work of 
crystallising that substance, like being added to 
like ; and even if substances of a foreign nature be 
added to a living body, the occurrence is purely 
accidental, and tells neither for nor against its 
growth. Within the animal or plant body, on the 
contrary, there is a process of conversion of the 
matter drawn from the outer world into its own 
tissues. The living being transforms the matter 
upon which it exists. Hence we recognise in the 
word assimilMion — the “making like” — the true 
expression of the work of the living being in 
building up its frame from varied matter. Very 
wonderful is it to reflect upon the material sources 
whence the beauty, splendour, grace, and harmony 
of living nature have been derived. The fmgrant 
flower and gorgeous blossom — leaf and petal alike — 
simply represent the tmnsformed materials upon 
which the plant fed ; and the plant itself is merely 
so much matter derived from the outer world, and 
elevated, by the magic i)ower of vital action, from 
the inorganic universe to the world of life. 

Such are some of the most apparent distinctions 
between growth and increase in a living body and 
in a lifeless object. Yet another consideration of 
importance remains in the teachings of physiology 
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regarding the growth of a living being in its in- 
timate, or minute, parts. The crystal is unquestion- 
ably formed according to laws which preserve a 
definite symmetr}- and shape. The stalactite, or 
rock, on the other hand, may grow in diverse 
fashions as to form or configuration, and the new 
matter may be added to such inorganic objects 
either symmetrically or the reverse. If the water- 
drops fall upon one side of a stalactite, or are other- 
wise made to add to its bulk in an unequal manner, 
the result will be an iinsymmetrical figure ; but 
this result cannot l>e said to afiect the nature of 
the stalactite, which is just as typical even if it be 
lop-sided as when it is symmetrical. Opposed to 
such thoughts regarding the mechanical additions 
to the outside surfaces of inorganic, or lifeless, 
objects, we find in animals and plants certain very 
marked and diflferent phases of growth. The living 
being grows in all in its parfs, and grows symmetri- 
cally, under normal conditions. This intimate and 
well-regulated increase of every organ and tissue 
of the most minute parts, forms one of the most 
striking features of lUe at large. The body of an 
animal or plant litei*ally grows through the growth 
of its most minute elements. Physiology reveals a 
wondi’ous tale when we inquire into the manner in 
which gi’owth and nutrition are performed in living 
beinga Each tissue is seen to be comiK)sed of 
minute cells, or of ^fibres which were formed origin- 
ally from cells.** To these microscopic elements 
the nutritive fluid — blood or sap — is duly conveyed. 
Each tissue has the power of taking from this com 
mon fluid the elements necessary for its growth and 
increase ; and the cells and tissues of liring bodies 
thus appear like varied buyers of raw material in a 
common market, whence this raw material is con- 
veyed, and elaljorated thereafter into equally varied 
forms of manufactured products. Thus it is that 
from the sap the young leaf-cells manufactui'e new 
cells, and in due time develop the leaf. Thus from 
the same sap the early tissues of the flower will 
form an entirely different structure, and produce 
the blossoms with all their richness of hue and 
varied structures, organs, and parts. Thus, too, 
stem and root, and every other part of the plant, 
increase and gi-ow though the manufacture, by the 
minute elements of the tissues, of other elements 
like themselves. And so in the world of animal 
existence. Thei*e exists in the animal body a similar 
l)rocess of growth by littles. From one and the 
same blood, nei^*e-cells and nerve-fibres make new 
nerve-tissue ; from the blood, bone reproduces bone ; 
and each and eveiy tissue adds to its extent in like 


fashion Growth in a living being is, therefore, not 
merely internal, but is also a process affecting the 
most minute elements of the living frame. And no 
part of the puzzle of life can be said to present 
greater difficulties in the way of exact comprehension 
than that which concerns itself with the how ** and 
“why** of those actions and laws, in virtue of 
which the increase of our frames, throughout the 
most minute portions of their extent, is so marvel- 
lously regulated and so harmoniously controlled. 

The subject of “ growth ** would be incomplete 
were we to close this paper without reference to 
certain unusual fashions in which, as observed in 
the animal world, growth may be performed. In 
both groups of living beings the minute “cells** 
already alluded to determine by their manner of 
increase that of the animal or plant as a whola 
But studied generally, and especially in lower 
animal life, certain forms of growth and increase, 
altogether exceptional in the ideas of popular 
zoology, are to be noted. Thus we may note that 
the production of new beings in certain animalcules 
(such as the Infusoriaiis found in stagnant water 
and elsewhere) may be effected through a simple 
process of actual division of one body to form 
two. It is a perfectly common occurrence for an 
infusorian to divide either crosswise or lengthwise 



Fig. 7.— Fropagatioii of Infusorian by Spontaneous Division. 

(A* B) tbe Adult; (o) the Same in Course of Separation ; (d) the Same after 
Division. 


(Fig. 7) into two individuals, which, by a subsequent 
process of ordinary growth, attain tbe size and rank 
of adult beings. Artificial inodes of growth and re' 
production, so to speak, may be experimentally 
practised on some animals, such as the hyd/rce and sea. 
anemones. The Hydroe, or “ fresh-water polypes,” — * 
whose history will be treated at length in a future 
paper — are little animals, found attached to water, 
weeds, possessing a simple tubular body, terminating 


GROWTH. 


207 


in a month and tentacles at the free extremity. The 
average length of a hydra is about a quarter of an 
inch. As Trembley, of Geneva, showed about 
the middle of last centuiy, a hydra may be cut 
crosswise or lengthwise, when each half or portion 
will grow to be a perfect little polype. Trembley’s 



Fig. S.^-Sea-Anemones. 


own words, referring to one experiment of this 
kind, are : ‘‘ I put the two parts [of the cut hydra] 
into a flat glass which contained water four or five 
lines in depth, and in such a manner that each 
portion of the polype could be easily obseiwed 
through a strong magnifying-glass. It will suffice 
to say that I had cut the polyi)e transversely, and 
a little nearer to the anterior. On the morning of 
the day after having cut the polype, it seemed to 
me that on the edges of the second part, which had 
neither head nor arms, three small points were 
issuing from these edges. . . . Next day, they 

were sufficiently developed to leave no doubt 
on my mind that they were true arms. The fol- 
lowing day two new arms made their appearance, 
and some days after, a thixxi appeared, and I could 
now trace no diflTerence between the first and second 
half of the polype which I had cut.'* Here there 
would seem to be literally no limit to the artificial 
growth and production of new animals. Similarly, 
in sea-anemones (Fig. 8), the writer has experi- 
mentally satisfied himself, the process of artificial 
section and division may be carried out much as in 
hydrse, and with equally fertile results. But this 
process of deoAXige^ or division of the body 

may proceed naturally in some animals, such as 
corals, where it results in the production from one 
ooA’al polype of two or even more new individuals. 

Not less remarkable in the animal world is the 


occurrence of a veritable process of growth by 
budding, of as true and typical kind as is witnessed 
in the plant world. In the corals we see this 
process exemplified in the production of new buds 
from the already formed parts and animals. And 
the process of budding is even better illustrated by 
the zoophytes, to whose exact personal history we 
may return on another occasion. 

A zoophyte possesses a root, stem, and branches, 
and even leaves are represented by the little. bodies 
one can perceive to be borne on the branching 
parts. Such an organism perfectly mimics a 
marine plant — as such, indeed, it is gathered by 
the non-zoological observer who collects the com- 
mon objects of the shore in his holiday stroll. 
Watch such an organism as this zoophyte in 
life, and you will behold a wondrous spectacle. 
The branches are studded with little animals, each 
possessing a mouth and tentacles, and each connected 
with its neighbours, and forming a unit in this re- 
markable colony of lower life. Through tlie hollow 
stem and branches the vital fluids continually flow; 
and, as each little member of the colony aids in 
elaborating the supply of fluid from which it draws 
its own meed of support, an unselfish principle of 
co-operation is seen to be most admirably repre- 
sented in the miniature society before us. Interest- 
ing as is the history of the zooidiyte, we may 
concern ourselves at present with but one feature 
in its biography, and inquire how its growtli is 
carried out. Like the leaves of the tree, the 
animal buds of the zodphyte undergo continual 
degeneration. They wither and fall by a process 
of natural decay as do the leaves of plants ; but, 
curious to tell, new members of the colony are duly 
budded forth to supply the place of the lost mem- 
bere, and the animal form thus repairs the ravages 
of death in similar fashion to its plant neighbour. 
Nor is this all. The zoophyte became the curious 
colonial and comix)imd organism you behold 
through the same process of budding which enables 
it to hold its own in the struggle for existence. 
Liberated from an egg produced by a previously- 
existing zoophyte, the little free-swimming animal 
settled down, rooted and attached itself, and deve- 
loped a single little organism. Soon this fii’st being, 
by a process of budding, gave origin to another like 
itself, the two remaining connected together in closest 
union ; other buds were in due course rapidly pro 
duced by these primary forms ; and, through this 
process of continuous budding, the compound plant- 
like colony was established. So strikingly similar 
is the animal to the plant in such a case. 
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We thus obsen-e that the growth of the animal 
may in some cases be carried out in fashions allied 
to those in which plant-life repairs the loss of its . 
parts, and renews its form. One concluding 
thought concerning gix)wth may be fitly mentioned 
in connection with the relations of growth to the 
general decay and tennination of living existence. 
The natiii’al and unending continuance of the world 
of non-living matter, is a fixed observation which 
follows the contemplation of the comparatively un- 
changed and unaltering existence of inorganic 
objects. The rock or boulder crystal, or stalactite, 
viewed as to its existence, is dejiendent solely on 
outward conditions for the duration of that 
existence, and receives the measure of its span from 
the forces of the world without. Very different is 
the tenui-e upon which the existence of living beings 
is founded and held. The duration of life is based 
upon the internal constitution and inherited nature 
of the living being, and the sj)an of its existence is 
measured, in ordinaiy circumstances, by laws 
written for its guidance in the history of its race. 
Hence, physiology teaches us to view the death of 


an animal or plant as the most natural result of its 
existence, and as a phase of life as primary as the 
fact of existence itself. The diu'ation of life is as 
surely written for each species or race as ore the 
laws of its growth ; and in truth growth and decay 
may be said to bear the closest possible relation to 
each other. The tooth, which, after a normal 
period of growth, has its roots undergoing absorp- 
tion and degeneration, and which finally falls from 
its socket, obeys the laws of its life, and has its 
growth beautifully correlated with the normal 
period of its existence, and with the time of its 
decay. 

And what is true of one organ or tissue is true 
of the entii'e animal and plant frame. Such a 
thought of the correlation of life and growth with 
extinction and decay, forms a consoling idea when 
viewed with regard to the measure of human life 
itself. Since we perceive that the end of existence, 
dreaded and feared as a part of the unknown and 
unknowable in nature, is as wisely oixiered and as 
perfectly adapted to the facts of life as are any of the 
other phases of which our existence is composed. 


THE MAGIC LANTERN. 

By John Thomson, F.R.G.S., Avthok of “Through Cyprus with the Camera/’ etc. 


M ost of our readers are familiar with the Magic 
Laiitein of boyhood's days, an instrument as 
simple as it was cheap, and whose grotesquely- 
painted slides enli^’ened many a winter's night. 
ITiis optical toy, like a host of others with which 
we are acquainted, has developed into a form so 
complex, and thoroughly scientific in the uses to 
which it is applied, as to be haixily recognisable. 

Before proceeding, however, to give an account 
of the various improvements effected in the con- 
struction of the lantern, and of the mode in which 
it has been fitted for its noble iunctions, let us 
glance at the instniment in its primitive form. It 
is thus dis]>osed of in a Dictionary of Science com- 
piled some forty years ago. ‘‘ An optical instrument 
by means of which small figures, iminted with trans- 
parent varnish on slides of glass, are represented 
on a wall or screen considerably magnified. It 
is generally used as a toy, and affords amusement 
from the grotesque chiiracter of the figures.” The 
author goes on to say that it is also employed to 
enlarge diagrams used in Astronomical lectures so 
as to be seen by an audience. This then was the 


first scientific use to which the lantern was applied ; 
but the commencement of a new eiu in its history 
is coeval wdth the discovery of photography. 

At the time when Daguerre and Talbot were in- 
dependently solving the problem of how to fix the 
photographic image, the instruments at their dis- 
posal were rudely constructed and ill adapted. As 
soon as photography had become an accomplished 
fact, a host of eminent men entered the field of 
research. The fruits of their labours appeared in 
a store of improved cameras, lenses, and lanterns. 

The history of the photographic camera and magic 
lantern run in parallel lines, and the improvements 
effected in the one were in some measure applied 
to the other. Hence the object-glasses are, or 
ought to be, similar in both, in so far, at least, as 
their properties are conoenied. 

The toy lantern in its general arrangement has 
undergone no change. Its various parts have only 
been modified and perfected in the best instruments. 
In its earliest form it had a dark tin casing, and 
a chimney, an inner light, a condensing-lens, a re- 
flector, a stage, and an object-glass (Fig. 1). 



THE MAGIC LAOTERK 


209 


There is an oil-lamp, or argand burner -within the 
closed lantern b ; m is a concave miiTor to throw the 
light on a condensing-lens c; thence the light is 

passed through the 
condenser and con- 
centrated upon the 
object to be magni- 
fied. s is the stage 
which supports the 
slide, and p the tube 
, containing the object- 

, i glass by which the 

image is thrown upon 
I the screen. In order 
Fig. 1.— Simple Form of Magic to arrive at a dear 

Lantern. understanding of the 

subject, it is necessary to explain what is meant 
by a lens. A lens is simply a magnifying or a 
diminishing glass — magnifying when one or both 
sides are convex, and diminishing when one or 
both sides are concave. The first causes rays of 
light, from a distant source, such as the sun, to con- 
verge to a })oiut or “ focus ** when they pass through 
it, and the second causes rays to diverge. On the 
same principle convex lenses produce images of 
objects placed before them in their ‘‘ foci,” enlarged 
or diminished according to the relative distances 
from each other of the lens, the object, and the screen 
upon which the image is thrown. The magic 
lantern is so arranged as to enlarge transparencies 
placed ill its stage. But the simple convex, or 
plano-convex lenses first used in the lantern and in 
photography were ill suited for the requirements of 
science. They had defects known as spherical and 
chromatic aberration, which so manned the images 
when magnified as to render them useless for the 
delicate paintings or photographic transparencies. 

When photographic transparencies were sub- 
stituted for rudely painted slides, object-glasses 
achromatised ” were applied to the lantern. These 
were so constructed as to magnify objects to an 
indefinite degree, and at the same time to disclose 
minute details in the photograph such as could not 
be detected by the naked eye. 

One of the finest early examples of this beautiful 
application of photography was shown in Professor 
Piazzi Smyth’s photographs of the Pyramids. The 
original pictures were taken on a uniform scale of 
one inch square. A section, one-eighth of an inch, 
of one of these was selected and enlarged in the 
camera, 3 in. by 3 in., so as to form a slide for a 
lantern. The picture was nothing more than a patch 
of desert sand ; but when magnified by the lantern 
76 


the grains of sand became fragments of rock minglea 
with shells of marvellous mould, and of diverse 
forms. Here then was a revelation of the educa- 
tional power of this modest toy, the lantern, which 
has since borne fruit in ways almost incredible. 

We will now proceed to discuss at greater length 
some of the most noteworthy improvements in the 
construction of the lantern. 

First we will consider the light, as it is the chief 
factor in all questions relating to the magic lantern. 
The days of the oil-lamp appeared to be numbered 
after the introduction of coal gas, but this primitive 
illuminator has been so modified as to find favour in 
our own time. Half a century ago the argand 
lamp, with its glass chimney, was used in the best 
lanterns, and when skilfully managed yielded results 
as satisfactory as could be obtained by coal gas. 

Quite recently a modification of the oil-lamp has 
beenintroduced in what is known as the sciopticon,or 
photogenic lantern. The light is produced by a new 
bupier requiring no glass chimney. In its most 
recent form the burner a (Fig. 2) is supplied with a 



Fig. 2.— Wick Arrangement in Soiopticon Lamp. 


triple an'angement of wicks, each wick having a 
rack and pinion adjustment connected with the 
milled heads at B. 

Bock-crystal oil is used, and the flame pro- 
duced far exceeds in uniformity and brilliancy 
the light obtained by the argand burner. But 
the advantages conferred by this form of instru- 
ment do not end with the lamp; and we may as 
well mention its properties before entering upon 
the subject of the oxy-hydrogen light. 

This little instrument, which figures in cata- 
logues under a number of different names, consists 
entirely of thin wrought irpn, and is so admirably 
planned for ventilation that it is not liable to 
get over-heated. It is designed also for extreme 
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portability. The chimney may’ be removed and the 
whole packed into a small case. It is, indeed^ the 
best form of lantern now in use for small rooms, 
where a brilliant picture is required not exceeding 
six feet in diameter. 

The greatest advance in the illuminating power 
of the lantern was obtained by the adoption of the 
oxy-hydrogen or lime-light. 

In 1826, Lieutenant Drummond partially suc- 
ceeded in establishing this as a light of the first 
order. But his system had many defects which 
have been overcome. Among these was the 
tendency of the lime cylinder to crack and 
moulder away under the heat produced by 
the combustion on its surface of the two 

gases, oxygen and hydrogen. This rendered 

the light fitful and uncertain. Then, again, 
the gasometers were huge and unwieldy, and 
could not be easily carried about. The jmra- 
phemalia, indeed, used by one of the first lime- 
light lantern exhibitors had to be transported from 
town to town in a specially-constructed van, so 
that the lecturer, with his belongings, looked as 
much a wandering showman as a man of science. 

One of the earliest forms of the oxy-hydrogen 
jet applied to the lantern was made with a Bunsen 
burner, which served the double purpose of heat- 
ing the lime to prevent cracking, and supplying 
hydrogen — let us say rather coal gas, or car- 
buretted hydrogen, which answered the purpose 
and ultimately replaced the purer gas. The jet is 


be fixed at any point by the screw o, supports 
the lime-holder e. This lime-holder is simply an 
iron rod, to which is imparted a univeiml motion, 
in order that the lime-disc may be so adjusted as 
to receive the mingled gases at the point of com- 
bustion. 

This form of jet has been superaeded by a variety 
of others, fh)m which the Bunsen burner has dis- 
appeared. Of these Pig, 4 is one of the most 
modern. It has two interchangeable jets (a. and b). 
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represented in Fig. 3. A and b are two separate 
tubes, the one supplying oxygen and the other 
hydrogen gas. 

The oxygen tube is carried to the top of the 
Bunsen burner c, while the hydrogen passes into 
the Bunsen tube. This tube is provided at d with 
a sliding shutter, by which the current of air may 
be excluded when the jet is in action. An upright 
rod, sliding between the gas-tubes, and which may 


Fig. 4.— Later Form of Oxy-Hydrogeu Jet. 


In the one the gases mingle at the nozzle just 
before ignition, while in the other they are mixed 
m the chamber beneath the jet The greatest 
illuminating power is obtained by the use of the 
jet B, but it can only be employed with safety 
when both gases are under equal pi*essure. 

In the lime-light lantern there is no reflector ; the 
luminous rays are taken up by the condensing-lens 
and concentrated upon the slide. 

We now come to consider the optical principle 
upon which the magic lantern is constructed. After 
the light, which is of primary importance, follows 
the combination of lenses by which the light is 
utilised. These are the condenser and the object- 
glass, or “objective,” 

The condenser is made up of a combination of 
two, three, or even four lenses, set in a tube facing 
the light, and so devised as to be nearly free from 
spherical and chromatic aberration. At the same 
time the arrangement, in its best form, takes up a 
wide angle of light. This arrangement, as its name 
implies, is used to collect and condense the rays of 
light upon the transparency in the 
lantern. The condenser most com- 
monly in use has two lenses (Fig. 

5, A and b). a is in form double 
convex, while b is meniscus, having 
its concave side set next the light 
But the combination which 
trates the greatest amount of light 
includes an additional plano-convex lens. This 
lens (d, Fig. 6), placed close to the light E, 
collects a wider angle of rays than that taken up 
by B (Ilg. 5), and consequently yields a larger and 
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more luminous disc on the screen. It greatly 
depends, however, on the quality of the ^‘objective” 

whether the light thus 
concentrated is turned 
to good account in the 
exhibition of lantern 
slides. Of the two sets 
of lenses employed in 
Fig. Plano, lantem, the object- 

ive is the most impoilr 
ant in its scientific functions. The condenser is 
used simply to collect and transmit the luminous 
rays, whereas the objective forms an enlarged 
image of the object placed in the lantem. Some- 
thing has already been said about the image- 
foi'ming j)roperty of the convex lens. This image 
is always inverted relatively to the position of the 
object, and its magnitude is to that of the object as 
its distance from the lens is to the distance of 
the object from the lens. This will be better 
understood by reference to Fig, 7. A B is an object 



Pig*. 7.— niustrating Formation of Image as to Position and Size. 

placed before a convex lens c D, every point of 
which sends forth rays in every direction. These 
rays are so concentrated in the lantem as to fall 
upon the lens c d (which we shall assume to be 
the objective), and are refracted to foci beyond the 
lens. These are at such a distance from the lens as 
may be determined by certain mathematical rules, 
which take into account the refracting power of 
the glass. The focus, where any point of the 
object is represented in its image, lies in the line 
drawn from that point to the object through the 
centre (g) of the lens, f will represent the upper 
end (a), and E the lower end (b), of the object a b. 

In this way the image of an object may be 
formed at any distance beyond the lens, and on 
any scale of magnitude we please. But in order 
to render the image available for the purposes of 
the lantern, its magnitude must be limited to suit 
the intensity of the light by which the image is 


produced. In other words, it is possible to obtain 
an image of great magnitude by mys refracted far 
beyond the lens, but the light would be so diffused 
and enfeebled as to render the image almost in- 
visible. 

It is obvious, therefore, that an image of great 
magnitude can only be obtained by the aid of an 
intensely brilliant light, and of such lenses only as 
are fitted for the collection and tmnsmissien of the 
greatest number of luminous rays. 

In the lenses of this part of the instrument the 
objective combination should be even more care- 
fully achromatised than those of the condenser, for 
this reason : an imperfectly corrected objective 
will curve and distort the lines in architecture, or 
produce an image perfect and distinct in the centre, 
and blurred towards the edges of the field. 

It is generally conceded by experts that the 
achromatic combination employed in photographic 
portraiture may be used for the lantem with the 
greatest success, provided the focus is short, and 
the lenses of the best quality. 

The ‘‘ dissolving view ** is hedged round with a 
charming mystery which it is almost a pity to 
dispel ; but, as faithful chroniclers, we are bound 
to unfold the secret of this choice optical illusion. 
Dissolving may be effected in a variety of different 
ways. Of these, the most simple consists in having 
twin lanterns, one set above the other, as in the 
bi-unial apparatus, or placed on a plinth side by 
side, as in Fig, 8. “ Dissolving is effected in this 

1 



Figr. 8.— Twin Lanterns for Dissolvingr Views, 


instance by the horizontal movement of the two 
combs A A ; the light being supplied from oil-lamps 
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In the bi-unial form the iime-light takes the place 
of oil, and dissolving is managed by alternately 
turning off and on the gas of one or other of the 
burners. By this means two most important ends 
are served. In the first place, the gas is economised, 
and, in the second, new pictures are made to grow 
out of the old by imj^erceptible degrees, until the 
series has come to a close. 

Figure 9 sets before us the bi-unial lantern, 

F 

V 





Fig, 9.— Bi iinial Lantern. 


whose form must be familiar to our readers. It 
has figured in many a school-room, an angular 
mystery, manipulated by a maze of screws and 
milled heads, and accompanied by a pair of enor- 
mous indiarubber-cloth bags placed under heavy 
pressuie. At the risk of losing some amiable 
readers in the maze of screws, pipes, and levers, we 
are in duty bound to state that they are all there 
for some useful end, and to describe their functions. 
Those at a and b are required to adjust the stages 
and the two luminous discs, so that they fall into 
the same space on the screen ; c c are both em- 
ployed for fixing the base of the instrument to its 
stand ; D D are milled heads, each canying a 
pinion fitted to racks let into the tubes, and by 
which the lenses ai’e moved to and fro when 
focussing the image on the screen. 


The body of the lantern is composed of polished 
mahogany, lined inside with thin plates of iron, 
while the twin stages in front are fashioned out of 
brass plates, and furnished with springs; these 
springs lend stability to the slides when placed in 
the lantern ; they also press the slides against a 
plain surface provided for uniformity in focussing. 

By disuniting the parts of this instrument, the 
chimney E and the apparatus in front may be re- 
versed, and securely stowed within 
the body of the lantern, so as to 
save space in travelling. 

There is yet a more complex 
form of magic lantern, fitted with a 
triple front, recalling a section of an 
old ‘‘three-decker.’^ When the lenses 
D are nm out for action, few lanterns 

will compare with it in a popular 
entertainment. It mimics storms at 
sea and on land, with fulling rain, 
floating clouds, and flashing lightning. 
It counterfeits sunset and sunrise, 
kindles cities into a conflagration, 
or buries them in the wreck of an 
earthquake or avalanche. In the 
hands of an accomplished manipu- 
lator, its resources are as manifold 
as they are wonderful — wonderful, 
when we come to examine the 





simple materials with which a lantern 
earthquake is produced. All that 
is necessary is three or four slides of 
the same subject in different stages 
of action, the one made to replace 
the other on the screen in succession 


so rapid, that the effect is as com- 
plete as it is realistic. It has happened that some 
of the younger members of an audience gazing on 
this illusion have clung to their seats, lest they too 



Pig. lO.—The Keevil Lantern. 


should be included in the general overthrow. This 
triple-lens instrument is known as the Bridgeman 
lantexiL* 
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Another form of dissolving apparatus is the 
^^Keevil j^tent.” This consists of a single jet 
lantern^ to which are fitted a double set of lenses at 
light angles to each other (a, b). The objective of 
one of these carries an achromatised 
prism, so adjusted as to project a 
second picture on the screen in the 
same position as the first, c c 
(Fig. 10) represents the shades 
employed in dissolving. The Rev. 

Canon Beechy exhibited a triple 
lantern constructed on this piin- 
ciple some thirty yeai*s ago. To 
him, therefore, we are indebted 
for the discovery. Fig. 11 intro- 
duces to public notice for the fii’st 
time a lantern designed by the 
author for his own use. It possesses 
certain advantages, and is specially 
adapted for lectures where the 
subjects follow each other in an 
unbroken series. Mistakes arising 
from the insertion of a wrong slide, 
or an inverted subject, are apt to 
mar an evening’s entertainment. 

But, as will be shown, errors of this 
nature are altogether avoided, and, 
by a simple mechanical arrange- 
ment, the slides present themselves 
in perfect order, and at their 
allotted times. 

' The instrument is fixed to the 
top of the packing-case b by the 
screws A a ; the lid of the case (c) 
serves to elevate or depress the 
lantern, which may be fixed in 
position at any angle. Reared 
above the chimney are two metal 
uprights, secured to the sides of 
the lantern. These carry at them 
apex a wooden cube covered with 
fine leather ; each side of this cube 
corresponds with the size of the 
slides. But, by the aid of strong 
ribbon binding, the slides are so 
united as to form a flexible band which traverses 
the cube and descends into the case B through slots 
D D. The cube turns on its axis e, to which is 
attached a milled head. The band is made so that 
the slides can be detached, and replaced by a new 
series at will. 

The advantages of this simple arrangement are 
■0 obvious, as hardly to require further comment. 


The operator has only to turn the milled head of the 
cube in order to bring his subjects, one after the 
other, into ix>sition. This system might be applied 
also to the bi-unial apparatus, where dissolving 



Fig. ll.~T]iomson*8 Lantern 


views are required. The heat from the chimney is 
never so intense as to interfere, in any way, with 
the slides, while it clears them of surface-moisture, 
by which they might be obscured during cold 
weather. 

Before dismissing the subject of the oxy-hy- 
drogen lantern, it remains for us to describe briefly 
the accessory apparatus used in producing the light. 
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Ordinary coal gas may be successfully employed on 
all occasions in lieu of p’ure hydrogen. This may 
be either stored in a suitable bag, or supplied to 
the lantern through an india-rubber tube from an 
ordinary gas-jet. Oxygen gas, on the other hand, 
requires to be made from a mixture of one part of 
oxide of manganese to four parts of chlorate of 
potash. This comix)und is consigned to a retort, 
and the gas generated by heat. 

Formerly, by reason of the rude mould of these 
retorts (some of them massive cast-iron bottles), 
rapid generation of gas, and closing of the outlet- 
pipes, accidents were not unfrequent, and some of 
them proved fatal to the gas-makers. Nowadays, 
however, retorts have been brought to j>erfection 
such as to render the making of oxygen a pursuit 
which may be carried on with comfort and safety 
in a dm wing-room. Tlie best retorts are connected 
with a metal bottle charged with water, through 
which the gas is passed and purified before entering 
the reservoir. 

When the high-pressure jet and combined gases 
are cm])loyed, pure hydrogen is frequently used, 
and is generated in a specially-constructed vessel by 
the action of dilute sulphuric acid on the metal 
zmc. 

It is unnecessary to enter into particulars I'egai'd- 
ing the numerous retorts in vogue at the present 
day. It is sufficient to state that in some of these 
the gas is made while the lantern is in use, while 
others — and these the majority — are only fitted for 
charging the detached air-tight gas-holder. 

The lime-light gasometers used to he made after 
the fashion of the reservoirs of ordinary gas-works. 
These are almost entirely superseded by india- 
rubber bags, and by iron bottles. Into these iron 
cylinders the gases are compressed to about 3001b. 
I)er square inch, and are brought into action by the 
turning of a keyed stopper at a (Fig. 12). The 



Fig. 12.— Iron Cylinder for storing Gas. 

cylinders may be procured ready charged, and 
returned empty to the makers. They are cleanly, 
portable, and eminently satisfactory ; but they 
ought to be tested l>efore leaving the gas-works, and 
sufficient pressure of oxygen guaranteed. As a rule, 
they will be found perfectly trustworthy, and they 
are to be desired in preference to tlie great inflated 
gas-bags, and their still greater pressure-boards. 


The bags are made of india-rubber cloth, and are 
fitted with stoi>cocks, to which india-rubber piping 
may be attached. They are perfectly pliant, and 
may be stowed into a small space. When inflated 
for use, the bags are placed in the grip of great 
wooden jaws, weighted above, in order to impart 
the required pressure to the gas. Fig. 13 represents 





Fig. 13.— Gas Bag and Pressnre-Boajds. 


the pressure-boards used for a single bag ; but when 
the oxygen and hydrogen are both under pressure, 
another system of boards is super-added, making 
the whole apparatus as cumbrous as it is unsightly. 

There are many accessories connected with the 
magic lantern which greatly enhance its scientific 
value, rendering it indeed “ a lamp to the path ” of 
the student. Take, for example, the microscope. Tlie 
solar microscope was its forerunner, but, depending 
as it did upon the sun for light, it found a success- 
ful rival in the oxy-bydrogen lantern. When night 
has closed in around, and the curtains are drawn, 
the lime-light microscope unfolds to us a new world 
of organic and inorganic light. A drop of stagnant 
water magnified on the screen becomes an aquarium, 
teeming with living animalculse. In the same way, 
a few grains of sand brought from the depths of 
the ocean are shown to be a group of shells of the 
most exquisite and delicate forms. It is, indeed, 
hardly possible to exhaust the store of objects, in- 
visible to the naked eye, which may be shown to an 
assembled class of students. Nor do the educational 
jKiwers of the lantern end here, for it may be suc- 
cessfully applied to illustrate the phenomena of 
polarised light, of the spectroscope, of the formation 
of crystals in chemistry, of the kaleidoscope, and 
of the polari scope. 


A PRIMEOSR 


215 


A PRIMROSE. 

By Komekt Brown, F.L.S., etc. 


R eckless of law, oblivious of Eoyal Com- 
missions, we are about tor commence a 
vivisection. The instruments are on the table 
before us, and the victims are growing in a patch 
under our window. The first consist of two tri- 
angular or glover’s needles, pushed into two bits of 
wood as handles, a razor, a pair of forceps or 
tweezers, a lens or magnifying-glass, a pair of 
small, sharp scissoi*s, a few slijis of glass, and a 
microscope close by in case of emergencies. Tlie 
subject for our vivisectory studies is nothing more 
serious than a primrose, and the object of our 
^‘research” is the structure of a flower. We have 
selected the primrose, not because in this humble 
flower there is anything remarkable or typical, but 
merely because it is so very common, and, in spring- 
time, the easiest to be had. We do not propose 
dropping,” as did the ‘‘literary man” of “the 
Golden Dustman,” into “poetry,” otherwise — so 
industrious have been the songsters of the primrose 
— a volume of this work might be filled with the 
vei’ses in its honoiu\ The botanist must be a very 
Gallio to all of these things, and study the plant 
for what it actually possesses, not for what a 
more or less vivid imagination may attribute to it. 
Yet, even then he will discover in it beauties, and 
mysteries, and wonders, such as the poet, who only 
looks on it festhetically, never dreamed it to possess. 
To Wordsworth’s Peter Bell 

“ A primrose by the river’s brim 
A yellow primrose was to him — 

And it was nothing more.” 

But if, as Professor Huxley somewhere remarks, 
Peter had been told that it was a corollifloral dicoty- 
ledonous exogen, with a monopetalous corolla and a 
central placentation, it would not have aroused him 
a whit from his apathy. Pursuing his encyclopsedial 
chant, the Cumberland clown would have further 
discovered that the familiar “primrose by the 
river’s brim” was the Primula vulga/ris of Linnaeus, 
and that it belonged to the order Primulacece, a 
family which also numbers in its ranks the Cydamm 
or sow-bread, the Anagailia or pimpernel, the 
Samolua or brook-weed, the Trimtalia Ewropoea and 
the Dodecatheon of our gardens, and that this fami- 
liar but most beautiful of spring flowers has for its 
near relatives the bird’s-eye and Scottish primroses 
(P^/arinoaa axid Scotioa), the cowslip (P. veria), the 


Primula elatior or ox-lip, and between two and 
three hundred other less-known plants. Moreover — 
is it not written in the books'! — the plant before 
us has oblanceolate wrinkled radical leaves, a 
syncarpous superior pistil, pentandrous stamens, 
and an inferior gamosepalous calyx. 

To us it is immaterial what names pedants have 
applied to the objects before us. It is for us to see 
them, and accept just as much or as little of that 
terminology as may suit our purpose, and it will 
be found that wonderfully little will suffice. 
Taking, then, a geneial glance at the flower, we see 
that it is on the top of a long flower-stalk, is 
surrounded by a green outside covering, within 
which is the coloured envelope which wo usually 
call^ the “ flower,” though in reality it is one of the 
leaj»t essential parts of any flower, and is frequently 
entirely wanting. Insido this, again, is the third 
whorl of organs, but we can only see the tops of 
these peeping out from the tube of the coloured 
enveloi^e. Finally, on looking carefully down the 
tube after parting the brown tips which a])pear, we 
may catch a glimpse of the summit of a fourth 
organ, which, in reality, is the most important of all. 
This is about all we can see by a casual observation 
of the primrose before us. We must now commence 
to dissect it. In dissecting even a flower there is, 
however, a right way and a wrong way to do it ; 
and the wrong way is to tear it to pieces with the 
fingers. The right method, though the slower, is 
to slit the outer covering on each side from below 
upwards with one of the needles ; then cut off the 
one half with the scissors, and do the same by 
the second or coloured envelope ; then, if the tyro 
possesses sufficient manual dexterity, the razor may 
be used to split down the innermost organ ; if not, 
this can be done at a later stage of his work. In 
this way we shall obtain a “ vertical section ” of the 
flower; or, in other words, we shall have cut it 
down the middle (Fig, 1). 

The flower-stalk, or j)eduncle^ corresponds to the 
leaf-stalk of a leaf. It is covered with the general 
skin of the whole plant, and thickly clothed with 
hairs which, we have already seen (Vol. I., p. 338), 
are mere cells elongated, though often very beauti- 
ful. The stalk itself, as a very thin slice made by 
the razor and laid on a slip of glass unc^er a good 
^ Dr. Andrew Wilaou’s ” Leisure Time Studies,” p. 38. 
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power of the microscope will show, is composed 
of cells or little bladders containing various juices 
all placed side by side, or 
with minute intervals be- 
tween them which peimit 
of the circulation of air. 
There will also most likely 
be cut across a few delicate 
vessels which may either 
contain air or convey the 
nutritive juices which the 
flower so much requires 
during the exhaustive pro- 
cess of flowering. In some 
plants these vessels are 
very numerous, and the 
flower-stalk, of course, proportionately tough in 
consequence. In othei*s the vessels contain a 
little thin spiral coiled up inside them, not unlike 
the wires which are occasionally put inside india- 
rubber tubes to keep them from closing and 
yet give them the necessary degree of flexibility. 
These spiral tubes* can be very w^ell seen in the 
common hyacinth which flowers about the same 
period as the primrose. When the flower-stalk of 
one of these plants is broken across and held up 
to the light, a glairy, cobweb-looking thread will be 
seen between the two broken pieces of the stalk if 
it has not been too rudely sundered. The flower- 
stalk is not absolutely essential to the life of the 
flower, for, like the leaf-strlk, it is often wanting. 
The green outside cup, or calyx, is made up of five 
leaf-like organs, joined together by their edges so 
that they form nearly one single covering (Fig. 2). 
In many plants — the wall-flower for instance — these 
divisions of the calyx (sepals) are jjerfectly dis- 
united one from the other. The calyx is usually 
green, as in the primrose, but in other plants, such 
as the fuchsia and the tulip, it is more 
or less coloured (Fig. 3). 

If we gently pull oft* the calyx, it 
will be found that the epidermis or 
skin of the peduncle comes along with 
it, so that the peduncle can be literally 
flayed. This affords us an opportunity 
of putting a bit of the epidermis, with 
the aid of a drop of water, on a slip 
of glass, then flattening it down 
with a thinner piece, such as is used to cover 
microscopic slides, and examining it with higher 
magnifying power than the hand-lens. If the 
same course is taken with the skin of the calyx, it 
• Scieiwe for AH,” Vol. L, p. 296. 


will be found that both contain stomata,! and that 
their epidermis is, especially that of the calyx, in 
every respect like that of 
the leaves. 

We now come to the 
coloured covering. Like 
the one immediately out- 
side of it, this envelope is 
made up of five pieces, 
each piece a little notched 
at the tip, and the pieces 
united throughout their 
lower extremities, so as 
to form a tube. In many 
plants these parts (petals) 
of the coloured envelope 
(or corolla) are separate, 
and in many others, like 
the sweet pea, are irregu- 
lar in size ; that is to 
say, the corolla is lop- 
sided, as in similar cases Fig:. 8.— Longitudinal Seo^ 

' . ... Flower of a Foohaia 

the calyx is. Again, in (F. Zucc.). 

some plants the corolla falls 

off* at an early date in the history of the plant, just 
as the calyx does ; for example, in the buttercup. 
In the Escholtzia, or extmgiiishor flower of Cali- 
fornia, now so common as a bedding-out plant in 
our gardens, the calyx is in the shape of a yellow- 
coloured extinguisher,” which m\ist fall off to 
allow the flower-bud to expand. In the primrose, 
however, the corolla remains during the Iffe of the 
flower, as does also the calyx. The calyx, we have 
seen, was composed of little leaflets, in their struc- 
ture identical with leaves ; so, in like manner, the 
anatomy of a petal is also a modification of the 
anatomy of a sepal. It occasionally even happens 
that the corolla is green, but black is a hue which 
it never obtains ; what is usually so called (for in- 
stance in Pelargonium tricolor) being only a purjjle — 
red, blue, or deep brown. But as a rule, the corolla 
is gaily coloured, the colours being blended in that 
inimitable manner which gives the beautiful variety 
to flowers. Now, what is the use of the corolla and 
the calyx? What is often wanting cannot, one 
would think, serve any remarkable or essential 
purpose in the economy of plant life ; and looking 
at the corolla from this point of view, it is, though 
the most beautiful, yet the least important of the 
floral whorls. In the whole of the great division 
of plants called “ monocotyledons,” to which grasses, 
sedges, the iris, the orchids, the tulip, and a vasi 
t “ Science for All,” VoL L, pp. 21, 97. 



Fig. 1.— Flower of a Prim- 
roBo (P. vulgaris), divided 
lonntudiuallv, showing (a) 
Pedtmole, (h h) Caljx, (cej 
Corolla, (d) Stamens, (e) 
Pistil. 
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g, 4. —Stamens of 


arraj of other plants belong, the corolla is wanting, 
the bright-ooloui'ed organs usually so considered 
being proved, by various circumstances, to be the 
calyx. And, as a general rule, we may say that 
it is too delicate to seiwe as a pro- 
tection to the essential organs within, 
unless, indeed, where, as in the vine, 
the calyx is so small that it has to 
supply its place in this respect. 
There is, however, little doubt that 
when there is honey, or other sugary 
liquid, at the bottom of the flower, 
by attracting insects to it, it serves 
— as we shall see in a future article 
— a most important purpose in the 
economy of Nature. 

Before cutting away the corolla, 
examine the part just below where 
the petals unite to join the tube. 

On each petal, supported on a very 
short stalk, is a small, brown, longitudinally- 
gi-ooved organ, pointed at either end, and shaped 
not unlike a weaver’s shuttle, but not bigger 
than a large-sized needle’s eye. As there are 
five petals, there will be five of these stamens 
to form a circle round the tube, which can be seen 
peeping up when the flower is looked into. Many 
stamens are supix)rted on long stalks, as in the case 
of the fuchsia, wallflower, poppy, or the blue-bell 
(Figs. 3, 4, 5, 9), while in other cases they 
are altogether devoid of filament or stalk. The 
filament when present is usually a thin stalk, 
though sometimes, both in form and dimensions, it 

simulates the petals. 
Generally, each fila- 
ment is separate 
from the other ; but 
cases are common 
in which all of them 
are united into one 
bundle, forming a 
sort of tube, as in 
the loose-strife, lu- 
pines, flax, &c., or 
into seveml of these 
bundles. Surmount- 
ing the filament, or 
present whether there is a filament or not, is the 
essential portion of the stamen — ^viz., the anther, 
the brown seed-looking body which we see on each 
petal of the primrose. 

These anthers are each made up of two lobes, or 
pouches, united by a delicate tissue, the ‘‘con- 

76 



Fia. 5.— Vertioal Section of the Flower 
of Blue-BeU (Campanula), 
(e)Oalyx; (ror.) Corolla; («) StamenB; (p) Pistil. 


nective,” which may be described as the prolonga- 
tion of the end of the filament. This double 
character of the anther can easily be seen, even 
with the naked eye, in those of the primrose lying 
before us ; but if the anther of a grass-flower is 
examined, this will be observed even more perfectly. 
In this latter case, the connective does not run the 
entire length of the anther. Hence the two sides 
or pouches separate towards their ends, giving the 
anther the “ bifid ” appearance characteristic of it 
in grasses, &c. A very limited study of the anthera 
of different plants will form an instructive lesson in 
their endless variety, shajie, form of union, number, 
colour, mode of opening, and so on ; but if any one 
is cut across, the stnicture, as seen in a vj''ry 
thin slice, examined in the usual manner under the 
microscope, will be found something like this 
(Fig. 6). Like the filament and all other parts of 
the plant^with one exception, which we shall 



Fi>?. 6.— Anther, cut Across. 

(A) General Section showing Pollen-CiralnB in the Pouches; (b) Ooate of 
Anther more highly magnified, {epj Bxotherlum or Outer Layer (Bpider* 
" ' cr Layer (fibrous Layer), (a) Pollen-Cells 


mis) ; (6b) Endotheclum, or Inner , 

with Grains of Pollen ; (c/) Layer of Fibrous Cells. 


presently meet with — the anther is covered exter- 
nally with the general plant -skin or epidermis, 
often pierced with stomata. 'Inside this is a layer 
of curious fibrous cells, which give the anther the 
elasticity necessary for its bursting and distributing 
the pollen which it contains, and which is developed 
inside the pouches, and sometimes even aids, as in 
grasses and lilies, in turning the anther inside out 
Even while we have been working, the slip 
of glass on which we have laid the anthers has 
got sprinkled with a fine brown dust, which has 
fallen out of them. If we walked through a field 
of grass in which the grasses have been allowed to 
flower, our shoes would get dusted wliitish with a 
similar ix)wder, and if ihe lawn from which these 
primroses were gathered had been badly kept 
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according to the ga;rdener*s idea, and T^ell after the 
botanist’s liking, the anthers of rib-grasses and other 
weeds would, in like manner, have emi^tied their con- 
tents on to our trousei^s and shoes. This dust is the 
pMm or feriilising dust, about which, on a future 
occasion, we shall have much to say. It is developed 
inside the pouches of the anther, and when ripe is 
— speaking generally — discharged in various ways 
on to the top of the innermost organ of all With 
the naked eye, or with the lens, we can make very 
little out of it — it looks simply like dust; but 
under the microscope it takes an entirely different 
and more interesting aspect. 

It will then be seen to be composed of an in- 
finite number of little grains more or less rounded. 
Each of these grains is com|K)sed of an exceedingly 
Jelicdte enveloj)e, which, in its turn, may be divided 
into two layers or vesicles, one within the other, and 
so closely attached that the fact of their existing 
must be taken by the reader on the authority of 
the wiiter, as it is difficult, unless with good appli- 
ances and considerable experience, to make them 
out The outer one is comparatively thick and I'esist- 
ing, but with little elasticity, so that it breaks easily 
when distended, and is often granular or fleshy in 
api)earance. It is, in fact, an exudation from the 
inner one, which is thin, but of considemble tough- 
ness. Inside is a glairy liquid fllled with minute 
particles, and known as the foviUa. This fovilla 
plays an important part in the history of the 
seed; but, meantime, what we may note about it 
is that the fluid makes curious and apparently 
spontaneous movements, or, at all events, these 
movements are stimulated by no cause which 
we have been as yet able to detect. The pollen- 
grains, though invariably of the nature described, 

are not, in all plants, of 
the same shape as those 
which we have described 
(Fig. 7). In general they 
are roundish, but in the 
chicory they are many- 
sided or polyhedral. In 
BnaeUa rubra they are 
square ; in Tradescantia, 
a common garden plant, 
cylindrical ; in musk, spi- 
rally grooved or ribbed ; in 
hollyhocks, covered with 
little eminences, so that 
a miniature sea-urchin ; 
The size of the grains also differs 
In the sweet-potato plant they are 



Fig. 7. — Figures of different 
Kinds of rollen-Qrains. 

1. Primrose; s. Auricula; 8. Ane- 
mone ; 4. Iris ; 5. Clematis : 6. Tulip; 
7. Bose : 8. Buttercup ; a Holly bock; 
la Passion-flower. 


each grain looks 
and so forth 
considerably. 


like 


large, in the forget-me-not and india-rubber they are 
exceedingly small ; and they differ in size even in 
closely-allied plants. In the fir-tree order ard 
some other plants, the pollen-grains are not simple 
cells, as in other sirecies, but are composed of three 
or four blended together by viscid or elastic ma- 
terial, so that in the evening primrose, darkkif &c., 
each grain is triangular in shape. Again, in 
heaths, each ^?ain is composed of four ordinary 
ones united ; in several acacias there are sixteen, 
and in other plants a smaller number united. In 
the eel-grass, or Zostera^ a true flowering plant, 
which on some pai-ts of our coast, but more 
especially on the shores of the Baltic, may be seen 
waving in banks in the sea, the pollen-grains con- 
sist of long, slender threads, divested of the outer 
coat, and look, as they lie in the single pouched 
anther, not unlike a skein of 
silk. Finally, in the milkweed 
and orchid families, the pollen 
is generally solid — that is, a 
gi’eat number of grains are 
united into pear-sha]>eclmasses, 
like those sketched in Fig. 8. 

Tlie colour of pollen is gene- 
rally yellowish or brownish, as 
is that of the primrose ; but 
even among plants of the same 
** genus,” such as different 
species of lily, all shades from 
yellowish to brown might be 
found. It is often white, 
occasionally bluish, sometimes red, but never green. 

Pollen may be kept in the dry state, without losing 
its vitality, for months and even years, and sent 
from country to country to fertilise plants which 
produce only female flowers. For instance, the 
date-palm is dioBcious,” that is to say, the stamens 
are on one plant, and the pistil (the innermost 
organ) on another — a by no means uncommon 
arrangement ; and accordingly, from the earliest 
periods, it has been the custom for the Egyptians 
to bring branches with stamen-bearing flowers 
from the desert, to fertilise the others with pistils 
On the cultivated trees. In 1808, owing to the oc- 
cupation of Egypt by the French, the inhabitants 
were prevented from obtaining the branches of the 
'‘male” flowers; and the result was, as only 
" female "-flowered trees are cultivated, no dates 
were produced. The pollen will also be wafted 
long distances by the winds, as the so-called " sul- 
phur-showers ” in the vicinity of fir-forests prova 
In 1606 it is recorded by the poet Pontanua-— 



Fig. 8. — FoUen Masses 
(Pollinia) of tlie Com- 
mou Spotted Orchis or 
Adder's-Grass {OrchxB 
moculota). 
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and by even more credible witnesses — that a date- 
palm at Brindes, which had never produced, was 
fertilised, and in consequence matured fi*uit, from 
the pollen wafbed thirty miles from another tree 
of the same species at Otranto; and date-trees 
in St. Helena have been fertilised by pollen ob- 
tained from ti’ees on the continent of Africa. 
Numerous similar cases are on record.* 

Before leaving the stamen, we may direct a 
glance at the way in which the pollen is discharged 
from the anther. In the primrose we see it opening 
its whole length along the line of middle furrow, and 
thus freeing the fertilising dust ; but if we examine a 
blaeberry ( Vaccmium), the winter-green {Pyrola)^ or 
the ordinary potato-flower, it will be seen that this 
is eflected by the opening of a pore at the tip of 
either lobe. Again, in the laurels, barberry, (kc., 
the anther oj^ens by two little valves like trap- 
doors on the side, more or less to the inner face ; 
while, in one small division of plants, the i)ollen 
escapes by a transverse opening which allows the 
top of the anther to be lifted off like a lid. We 
now snip off the corolla with the attached stamens, 
which have suj^plied us with the text of the preced- 
ing discourse, and And exposed to view the innermost 
organ of all— viz., the pML In the plant before 
us, it appears as a straight, mast-like organ, swollen 
at the top and surmounted with what looks like 
the truck of a mast. It is placed on the top of 
the flower-stalk, which is a little ex})anded in order 
to afford room for the attachment also of the corolla 
and the calyx, though nothing like to the extent it 
is in some plants in which the stamens also are at- 
tached here. Indeed, in the 
stiawberry the juicy portion 
which we eat is not really 
the fmit, but merely the 
swollen upper part of the 
flower-stalk, the real fruit 
being the hard, seed-like 
bodies scattered over the sur- 
face of the edible part. In 
like manner, the fleshy part 
of an aj)j)le is really the 
calyx svrollen an4 thickened, 
t^Toprf remaining on the 

Looking, 

then, at the pistil, we see it is 
naturally divided into three parts : the lower 
swollen portion, or ovary; the middle part, or 
style; and the upper more or less expanded 
summit, or 8tigmgi>. The style is not always pre- 
* Brown : “ Manual of Botany,” p. 347. 





sent, an example of which deficiency is found in 
the poppy, where the stigma rests immediately on 
the top of the ovary (Fig. 9). 

Should the reader be more skilful at manipulation 
than most unpi*actised microscopists 
are, he will find it a useful exei’cise 
to try and dissect the covering of the 
ovary from the contents of that sac. 

Should he succeed, he will find some- 
thing like what is figured (Fig. 10). 

A central “cellular” pillar, a pro- 
longation from the bottom of the 
ovary, runs up the middle of that Fi?, lo. -^ia- 

, * , centa of Pri I • 

cavity, and around it cluster a num- rose, with at- 

ber of somewhat rounded little bodies, —the Wniig of 
The pillar is the and the ^ 

bodies which it supports are the ovules 
or “ little eggs,” the germs of the future seeds, and 
of course of the futui’e plant which the seeds per- 
jietuate. If we cut the ovary across — i.e., in 
technical language “make a transverse section” of 
it — the simplest of mechanical opera- 
tions- —we shall see the nature and 
relation of the placenta and its 
ovules even better (Fig. 11). A 
longitudinal division of one of these 
ovules (Fig. 12), shows that it is 
covei’ed with three distinct coats, 
uniting below and open at the top, 
while the interior is occujried by a 
bag containing fluid. In this inte- 
rior space is developed the future 
plant, after the pollen-grains have come in contact 
with the stigma — a subject for after explanation — 
and when in the fulness of time the ovule has 
grown into the seed. 

Tlie style, when present, is 
composed of a loose tissue, the 
use of which will be seen 
when, by and by, we examine 
the act of fertilisation. The 
stigma is the glandular apex 
of the style, or (as we have 
seen), if the style be absent, 
is placed on the top of the 
ovaiy. It is the only exposed 
part of the plant not covered 
with epidermis, and secretes 
a viscid material, which is 
more abundant at the time 
when the pollen is ready to fall 
on it, and therefore doubtless seiwes a good pur- 
pose, not only in retaining the pollen-grains, but 


Pk. ll.-Th& 
Ovary of the 
Priuirose cut 
across, show- 
ing Placenta, 
with 0‘ 
and the 



Fig. 12. — Longitudinal 
Section of an Ovule. 
T^t of Polygonum (the 
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^Iha in causmg the protrusion of those pollen- 
tubes” which we sluJl by and by leam are bo 
essential to the conversion of the ovules |nto seeds 
capable of leproducing the plant 

Having thus briefly dissected the different por- 
tions of a floWer — and though in all plants the 
structure is generally the same, in none is it 
identical — we may now look 
for a moment at the symmetry 
^ ■ of the flower. Supposingacom- 

■ ^ ^ 0 ) i flower of the primrose cut 
Z J across — though the facts we 
wish to biing out can be seen 
without tliis operation — the fol- 
Pig.i3.— Diagram show- lowing would be what would be 
displayed in a diagrammatic 
manner (Fig. 13). 

It will be seen that all the imrts alternate with 
each other — that is, the jmrts of one whorl are 
opposite, not those immediately contiguous to it, 
but the one tefoi’e or after — so that if the different 
whorls of a flower could be pulled out, the phyllo- 
taxis (p, 7) would be very like that which prevails 
in the an’angement of the leaves on sterna 

In the primrose we do not see the metaries or 
glands at the base, which secrete the honey for 
which the busy bee ” flies about from flower to 
flower, unconsciously performing w^ork in return for 
the meal which Nature has s])read out inside the 
corolla in order to tempt it; but this can oe observed 
in many of the plants which are springing up in 
tlie same meadow with the primrose. The various 
colours also which paint the corollas 
of the different flowers are an inte- i 

resting study. The pigments lie in 1 

the cells of the petals, and like every- I 

thing else in the jdant, are elabo- r 

rated by the mysterious chemical 
processes going on in the living 
laboratory which they ornament. 

The odours, in like manner, are due 
to the presence of essential oils or 
other glandular* products which are 
developed in the cells of the epider- 
mis. Many of these oils have defied 
the skill of the chemist to seize and 
make them his own; nor are the 
operations which cause their exuda- u) Entire piowcr; 
tion very clearly understood. ' Some 
flow^i*s, like the primrose, yield their delightful 
odours through life, day and night, while others are 
grateful to the nostrils only at night; nor are the 
same odours common to several closely allied plants. 


For instance, the smell of hay is common to a grasa 
the woodruff, the mililot, and all the varieties of a 
species of orchid. Again, some flowers only exhale 
then* fragiance early dtunng flowering, while in 
another class it is given forth only at parfieular 
periods. Between the smell and colour of plants 
there is some analogy. For instance, the Indian 
chrysanthemum agrees faintly in scent, as it does in 
colour with the common wall-flower. White flowers 
have the gi*eat6st average of pleasant smelling ones; 
omnge and brown flowers are often disagreeably 
scented ; while the family of plants which has the 
greatest number of odoriferous flowers is not — as 
might be supposed — the order of roses, but that of 
water-lilies. 

Finally, before closing this brief study of the 
anatomy of a primrose, let us say a few words about 
the nature of the different pai*ts of the flower. It 
is a characteristic of Nature to be profuse in the 
adaptation of the same object for different pur- 
poses, but economical in the use of materials. For 
instance, we have seen how every portion of the 
plant is primarily made up of cells, and that even at 
the most mature stage, cells or vessels — or, in other 
words, cells of difierent form — make up the whole 
plant. It would have been easy for the Creator to 
have made the root of one substance, the stem of 
another, the leaves of a third, and the flower of a 
fourth. But this is not the case. So, equally, do 
we find that while the organs of a plant are in- 
finitely varied in different species, they ai*e all on 
the same model, and some are even transfoi*mations 
of the other. Take, for example, 
4^ the parts of the flower. All of 

^ Ml/ ^ these are modelled on the leaf. 

sepals, it requii’es but a 
insight into vegetable 
^ forms to see, are merely leaves 



Pig. 14.-~White Wat«r-I41y (Nymphaa alba) 

(A) Entire Flower: (bo s) ForniH vnrough which the Petals hod (each of which bears an Antheri 
paas, to the Sta^ of the Normal Stamen b. 

iir delightful in shape and structure. The petals are a little re- 
ile others are moved from the leaf form, but yet are essentially 
; nor are the coloured leaves in shape and structure, and even 
allied plants, in function. In the water-lilies the formation 
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is indeed so gradual that it is sometimes diiiicult 
to say where the change takes place (Fig. 14). The 
stamens are very unleaflike organs; yet in this plant 
the stamens can, in the outer part of the flower, only 
be detected to be such by the fact of their possessing 
anthers on their tips. Adopting one of the many 
theories put forward, we may consider the con- 
nective, or substance which connects the two lobes 
of the anther, as the medial nerve or midrib ; the 
lobes of the anther are the two sides of the leaf, 
each rolled towards the midrib ; the under-surface of 
the leaf is therefore the outside, and the uj^per 
surface of the interior lining of each the pouch, 
while the epidermis and nerves ai’e not developed on 
the inside ; the pollen is therefore formed from the 
soft tissues of the leaf, and the filament, when it is 
present, represents the leaf-stalk of a leaf which has 
such a stalk ; when it is wanting, then the leaf type 
may be supposed to have been a stalkless leaf, A 
double flower is merely 03ie in which nearly all or 
pail; of the stamens, and the pistil, have become 
converted into petals; hence, such flowers cannot, 
owing to the absence of the essential organs, pro- 
duce seeds. 

In the white-flowered garden peony there is a 
gradual transition from the compound much-divided 
le4ives of the stem, to the white or rose-coloui’ed 
petals of the corolla. In the Camellia there is also 
a gi>idual passage from sepals to petals, and the 
same may be seen in many other flowers. The 
pistil at first sight seems the widest divergence 
possible from the leaf type. But in reality it is, 
like the otiier floral organs, a modified leaf. In the 
j)rimrose we do not see this so clearly as in some 
other plants, because in the primrose the division 
walls inside the ovary have disappeared — got broken 
up and absorbed in progress of growth — so that 
when it is cut across, the component parts do not 
so readily discover themselves. In reality, the ovary 
is usually made up of two or more “carpels” — 
eaiih with, its style and stigma — which carpels are 


simply leaves bent from edge to edge, and arranged 
in a circle, more or less united; in the axils of 
these, among other modifications, the ovules, which 
may be considered buds, are placed, and the styles 
are prolongations of the tips of the leaves, the 
stigma being a cellular expansionat the top (Fig. 15). 
This may be theory, but it is a theory 
which lies at base of all scientific botany. 

By an extensive study of plants it can 
be shown to be true, and often when 
least expected Nature unveils her 
secrets. 

In some diseased conditions of the 
plant, or when its constitution has been 
disturbed by cultivation or some other 
circumstance abnormal to it, the petals Sa^n (Col 
will return to leaves, the stamens to fisting of 

three Car- 

petals, and even the petal to the original pels, each a 
type. This latter state is not unfre- with the 
quently seen in double flowers, such as Seh-^Edg^ 
the double-flowered cherry. In the 
strawbeny a common monstrosity is for all the floral 
orgf^is to revert to the sepals or imperfect leaves of 
a gi'een colour. It is from such facts as these that 
botanists are led to the irresistible conclusion that 
the leaf is the type on which all the parts of the 
flower are formed, and that they only difier from 
the ordinary leaves on the stem in their special 
development. In an early stage of their growth 
they all look alike, though it must not be supposed 
that a petal, for instance, though called a “ meta- 
morphosed leaf” had ever actually been a green 
leaf, and that the stamens, and the pistil had ever 
existed in the state of foliage. All we mean by the 
phrase is that they are fundamentally one and the 
same organ, and as in the early condition of the 
plant they cannot be distinguished one from the 
other, so in a later stage of growth they keep up a 
family likeness, though this likeness is concealed 
from all save those whose duty and whose pleasure 
it is to study such physiognomies. 




222 


SCIENCE FOR ALL. 


A CANNON SHOT. 

By G. Goopbe Kino, Majok E.M.A, Boyal I^Iilitaby Golleob, Sanduubst. 


T he art of gunnery may be regarded as having 
two principal branches, the one dealing with 
the construction and manufacture of the weapon, 
the other with the nature of the projectile and the 
laws that govern its flight. To separate them 
entirely is difiicult, if not impossible, for they each 
act and re-act u2X)n the other. The gun is but the 
tube whence the shot is fired and whence it obtains 
its velocity and direction, but it is the shot that 
does the actual woi’k; and the best gun would be 
worth little if its j^rojectile failed to strike the 
mark or to penetrate the object aimed at with a 
sufficiently destinictive efiect. 

Neither gim nor shot can be alone considered of 
paramount im])Oii}ance. An excellent gun may 
fire a shot which would have neither range nor 
accuracy, owing to its faulty form. A less power- 
ful weapon may make better practice, because its 
missiles are suitable. Still, range and general 
accuracy of direction are mainly the gun’s business, 
the actual work to be done upon the enemy or his 
defences that of the shot. 

In examining what a shot should be and what it 
ought to do, there are two sets of considerations, 
which must be dealt with separately. Firat, befoi’e 
it leaves the gun there are the influences the gun and 
|X)wder may have on it, together with that which 
its actual fonn may have on its flight j secondly, 
after it has left the gun there are the effects of 
the various retarding forces it meets with, and the 
character of the work it is required to do when it 
reaches its sphere of operations. 

First of all, it is well known that the inner tube 
of the gun may be j)lain or rifled. In the former 
case it is loaded from the muzzle with a spherical 
cast-iron or steel projectile, which might strike on 
any side after it was fired. In the latter case it 
may be loaded from either breech or muzzle, and 
the shot is elongated, so that to get its full effect 
it must strike point foremost. 

Now, in all muzzle-loading guns, whether smooth- 
bore or rifled, there must be a small space 
between the shot and the bore, which is represented 
by the difference between the area of the cross 
section of the projectile and that of the bore. This 
is called windage,” and is nefcessary to facilitate 
loading by permitting the escape of the air in the 
gun, and to prevent accidents resulting from the 
jamming of the shot owing to dirt or inaccuracy 


of fonn. But it has another advantage, which is 
claimed for it in all muzzle-loading systems, 
far the most deadly of the projectiles fired by 
cannon are “ shells,” or hollow shot filled with 
powder, which is ignited at a certain j)eriod of the 
flight by the fuzes ” which close their only aper- 
turea The simplest form of fuze is that which is 
fired by the explosion of the charge ; and where 
windage exists the powder-flame can pass round 
the shell and ignite the fuze. Where windage does 
not exist, the fuze must be self-acting, and must be 
ignited by means of internal mechanism ; but these 
are liable to deterioration from climate and other 
causes, as well as being comj^licated in construction 
and expensive to manufacture. But though wmdage 
is unavoidable in all muzzle-loading ordnance, and 
is even of use when “ live ” (filled) shells are to be 
fired, its disadvantages are gi*eat. The escaj^e of the 
powder-gas, which has, by so escaj^ing, done no work 
on the shot, necessitates larger powder charges, in 
order to insure that sufficient gas shall be generated 
to jiroduce the required velocity. The destructive 
effect to the bore of the gun by this rush of flamt? 
over the projectile is considemble, and is known as 
<< scoring;” but, as may be imagined, it is greater 
on the upper than the lower surface, though the 
whole suffers more or less. In smooth-bore guns, 
where the charges of powder, which are relatively 
small, bum rajndly, and the shot is easily moved, 
owing to its form, the damage done to the bore is 
slight ; but the vent or channel by which the cart- 
ridge is fired is so speedily worn that, though lined 
with copper, which has the iirojierty of toughly 
resisting the burning effect of the gas, it has to be 
frequently re-lined or “ re-bouched.” 

In rifled guns, where the charges are consider- 
ably heavier, and the projectile, owing to its weight 
and shajie, is not so ready to move, let alone that 
great resistance is offered by the rifling into which 
it is forced, the time during which the gas is able 
to act upon the bore is longer, and the destructive 
effect proportionately greater. In fact, guns that 
have fired many rounds are so deeply scored and 
fissured that a casting in gutta-percha of the lower 
part of the bore resembles the rough and nigged 
bark of an oak-tree, and the gun has then to be 
re-lined or re-tubed. To some extent this has been 
obviated latterly by the use of the ‘‘gas check,” 
which is attached to the base of the shot, and which 
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is intended not entirely to prevent the flame from 
leaching the fuze and igniting it, but to partially 
desti'oy the windage and flU the bore before the 
mass of powder-gas has time to be developed. 

This scoring is peculiarly destructive to bronze 
guns ; so much so, indeed, that the use of the ordin- 
ary soft alloy has been abandoned as a material for 
oi*dnance. It is apparently impossible to make it 
completely homogeneous, and when cooling the tin 
seems to separate from the copper and foim white 
si)ots, called tin spots,” which aiu peculiarly sus- 
ceptible to the action of ignited powder. Bronze 
cast under pressure and chilled during the operation, 
according to the method adopted by General Von 
CTohatius in Austria, offers better results, and in 
some resjjects possesses many of the properties of 
steel ; but very little faith is placed in this metal 
in England, for many other I'easons besides that of 
being easily injured by scoring. 

But windage has also a direct effect upon the 
shot itself. In rifled guns it is essential that the 
.projectile should be so ‘‘centred,” when it is passing 
through the groove, that its axis and that of the 
gun should be as nearly as possible coincident. 
If this be not the case the shot will “ wabble ” on 
leaving the gun, and its accuracy will be materially 
affected. With much windage centreing is difficult. 
In smooth-bore guns the passage of the gas, owing 
to this cause, has two effects. First, it causes the 
shot to rotate on one of its axes, by moving the 
upper surface in its passage, while the lower surface 
resting on the bore is retained there by friction and 
its own weight. The direction which this rotation 
has on leaving the piece may cause its flight to be 
irregular. To this may be added the unavoidable 
want of homogeneity of any cast shot, owing to 
which the centre of gravity of the mass and the 
centre of the figure do not coincide, which is a fruit- 
ful source of iiTegularity of flight. 

Next, the shot has a tendency to rebound after 
the fii’st pressure downwards of the gas, and the 
last rebound it makes at the muzzle would influence 
its final direction. Thus, in Fig. 1 the shot would 



Pig. 1.— lllttBtrating Effect of Windage upon Plight of a Shot 

have a tendency to deviate to the left ; a tendency 
still further increased if the rotation of the shot 
chanced to be towards the same side. These two 


sources of error — ^irregular rotation and rebound — 
are the chief, though not the only, causes of the in- 
accuracy of smooth bore guns. 

Now, the object of rifling is to get rid of these 
errors first of all. The regular rotation of the 
projectile tends, as will be seen later, to equalise 
the pressure of the air on it during its flight, as 
well as to insure that the rotation sliould be always 
acting in the same direction. Rebound becomes 
impossible, as elongated projectiles can be employed; 
and these have the further advantage of giving a 
heavier shot or larger shell for the same diameter of 
bore, while heavy missiles have more momentum and 
are less affected by external forces than lighter ones. 

Many methods have been devised for producing 
this rotation, but they all group themselves under 
three heads : (a) the mechanically fitting ; (6) those 
in which the shot have either studs to fit the grooves, 
or a soft metal base which is expanded into them 
by the first action of the powder-gas ; (c) breech- 
loaders, the shot for which have an outer coveiing 
of soft metal, rendering them slightly larger than 
the bore, which is compressed by the gas into the 
gi'ooves. 

Of thefiret kind, the Whitworth gun (Fig. 2), with 



a hexagonal spiral bore, into which an iron or steel 
shot fits, and the Lancaster, with an oval bore, and 
a consequently oval iron shot, are good examples. 
The latter system can be understood by imagin- 
ing a gun rifled with two grooves, and then having 
the angles of the grooves cut away. In both there 
is the objection to a possible jamming of the shot in 
loading; and the Lancaster gun was abandoned 
because of its uncertainty in this resj)ect, as well as 
in the flight of its projectile, though it gave long 

Of the second kind, Britten's (Fig. 3) and the 
American system in the war of 1864 are types. 
In each case there was a soft metal coating (a) at 
the base of the shot, whicli was foi'ced up into the 
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grooves, by the vooden sabot (h), and hence pro- 
duced rotation of the projectile in its passage thi-ough 
the bore. But the more common type of this class 
is that in use in England and France, where the 



Fig. 3.— Bashley-Britten's Gun. 

(a) Sect! an of Bore ; (b) Section of Shot ; (a) Lead Jacket ; (6) Wooden Sabot 
( Ssepantim Method of Obtainimg dotation.) 


shot, which is of slightly less diameter than the bore, 
has rows of soft metal (either >copi>er, or a mixtiu'e 
of copper and tin) studs fixed in it, which enter 
the grooves, which are few in number, and so pro- 



Fig. 4.— Armstrong Muzzle-Loading Shunt Gun. 

(A) Section of Bore; (a) Loading Side of Groove; (6) Driving ditto: 
CB) the Shot. 

(Showing how Long-Shot are Centred,) 


duce rotation (Fig. 4). Of the third kind, Krupp 
(Fig. 5) and Armstrong guns are instances. Both 
have an iron shot with a leaden jacket (a). Some of 
Krupp's shot ai’e provided, instead of this, with 



Fig. 6.— Krupp’a Gun. 

(A) Section of Bore; Section of Shot; (oa) Lead Jacket. 


lings of copper, but in each case the shot is larger 
than the boi^, and will only enter the smooth un- 
rifled powder-chamber at the breech. On the 
explosion of the charge the soft metal is forced into 
the grooves, all windage is stopped, and the shot 
rotated. In both guns the grooves are numerous 


and shallow, so that the lead coating may be easilj 
cut through. 

It is beyond our province to discuss the merits 
and demerits of these systems. It will be sufficient tc 
say that the muzzle loading gun is simple and stix)ng, 
and the breech, being the stoutest |)art, admits of 
large powder-chambers being made, so that the loss 
of gas by windage is immateiial. There is also less 
loss of power, as the force required to press a tight- 
fitting breech-loading projectile through the bore 
(and which must be provided by the powder-gas) is 
considerable ; so that Krupp’s projectiles have less 
penetmtive i)ower than those of the muzzle-loading 
system. On the other hand, as there is no escape of 
gas, smaller charges can be used by breech-loading 
guns, and consequently moro rounds per gun can be 
carried ; while thero is no scoring to the bore, and 
more protection is afibrded to the detachments of 
gunners if the gun be loaded from the rear. Further, 
as a slow-burning powder is used in the heavier 
calibres, the bore has to be long, in order that all 
the grains may be consumed, and if to this neces- 
sary length be added that poi’tion of the gun 
requii'ed to contain the breech-action, the weapon 
becomes unwieldy. There are advantages in both 
systems; and it seems quite o\)en to question 
whether the breech-loading guns are not better for 
field service and the muzzle-loading guns for the 
heavier work of the navy or for foilirosses. 

But whatever l)e the system of rifling, it is not 
sufficient merely to twist the shot. It should be 
steady when it leaves the gun — that is, the axis of 
the shot and that of the bore should as nearly as 
possible coincide. At first, as the shot lies on the 
bottom of the bore, this is impossible, and if the 
grooves were quite symmetrical there would still be 
a tendency for the projectile to move on a small 
spiral round the true axis as it tmversed the bore. 
Hence it is that the side of the gi'oove against 
which the studs press in muzzle-loading systems, 
known as the driving side, is very often almost rect- 
angular, while that against which the studs press, 
in coming out, is set at an angle, so that the studs 
rising up the slight incline tend to press the stud 
firmly against this side, and so steady or centre it. 
The Armstrong muzzle-loading Shunt guns (Fig. 4) 
are examples of the principle of centreing. The 
loading side (a) of the bore was deep, and the shot 
entered easily, but, on firing, the studs ran along a 
slightly oblique incline, and rose on to the driving 
side (6) of the groove, which was shallower, so causing 
the studs to fit tightly and steadying the projectile. 

Any attempt to fire an elongated shot without 
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giving it rotation will i^ult in its wild and un- 
certain flight. Plans have been proposed for mak- 
ing it heavier in front than in rear, with the idea 
that the heavy point would move first : and this is 
true for very short ranges. Mr. Mackay produced 
a gun rifled with broad, shallow grooves, and with 
a mechanically fitting projectile, in which it was 
believed that the powder-gas, aided by the friction 
of sawdust placed in the front of the cartridge, 
would cause the shot to rotate. Others, again, have 
suggested wings and vanes which expanded when 
the shot left the bore, and which were to be acted 
on by the air. 

But all these methods were either absolute 
failures or very uncertain ; and the certainty of the 
system of compelling the shot to take the rifling, by 
studs or otherwise, became more and more evident, 
and hence valuable. 

Besides the form of the grooves, as influencing 
the steadiness of the shot, there is the nature of 
the twist itself. The rifling should admit of the 
maximum pressure of gas being given on the shot, 
and the minimum pressure on the bore and studs. 
With heavy charges and a sudden expansion of gas, 
the projectile may be thrust too violently forward 
and become uncentred, and therefore unsteady, by 
the sheering of the studs or by their over-riding 
the grooves. Thus it is that two spirals have been 
advocated; one the even, the other the gaining 
twist. At first the former was universally tried, 
and was generally too rapid, the sharpness of the 
turn bringing such a strain on the gun as to lead 
to its speedy and violent destruction, while the first 
pressure was always violent at the very time when 
the propelling force was at its highest. Later, 
however, though the even twist was still retained, 
it was made less rapid, and succeeded well. But 
the gaining twist simply means that the groove is 
at first almost straight, and then very gradually 
becomes more spiral ; so that the shot moves easily 
at starting and twists more rapidly as it travels 
along the bore, and the gas-pressure lessens. The 
front studs of projectiles for these guns are there- 
fore smaller than the rear ones, to admit of this 
change of motion. The object of this method is to 
reduce the strain upon the gun. By experiment 
with two ten-inch guns, each with a twist of 1 in 40 
(that is, the rifling made one complete turn in a 
length equal to forty times the diameter of the gun) 
at the muzzle — the one rifled with a unifonn, the 
other with a gaining twist — there was a maximum 
pn»8sure in the former of sixty-eight tons, with a 
minimum of nine t<ms. and in the latter the maxi- 
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muni pressure was thirty-six tons, and very uniform 
throughout. The nature of the spiral therefore 
materially aflects the pressure on the gun and studs. 
The powder, finally, has great influence on the shot 
of a rifled gun. If it bums too lupidly, the strain 
on the studs is great. Thus, both the size of the 
grain and its density have to be taken into con- 
sideration. If small, it ignites with great rapidity, 
burns very rapidly, and generates at once a large 
amount of gas. This with smooth-bored guns is no 
disadvantage. If large, as in the case of the pebble 
or pellet powder, the grains of which are as large as 
a hen's egg, then, though the ignition is compara- 
tively rapid, as the flame can pass easih’’ through 
the interstices between the gi’ains, the complete 
combustion is slow because of the density of the 
grains, and the gas is generated slowly. How im- 
portant this consideration is may be judged from 
the fact that while with “i*ifled large grain” 
powder the pressure was 29*8 tons, with pebble 
j)owder it was only 17*4 tons, the charge being 
301b. in each case. Armstrong powder, the gi*ains 
of which are about as large as small i)eas, was 
rendered skghtly slower in combustion by being 
glazed with black-lead. 

It is necessary to bear these facts in mind, as the 
one propelling force from which the shot gets its 
maximum velocity, and therefore its accumulated or 
stored-up work, is that afforded by the powder-gas. 

This maximum or initial ” velocity varies with 
different guns, and, of course, with different charges, 
but it is usually rather below 1,600 feet a second. 
The terms final” or “remaining” velocity are 
used to express the rate at which the shot is travel- 
ling at any given point of its trajectory, and must 
not be confounded with the “ temiinal ” velocity, a 
phrase meaning the maximum velocity which it is 
possible for a projectile to acquire by falling through 
air. Tim velocity at any period of the shot's flight 
is asceiiiained by means of the chronoscojm, referred 
to in a previous article.* 

So far, then, the forces which influence the flight 
of a projectile before it actually leaves the bore 
are, on the one side, the propelling force of the 
powder-gas, which should not act too violently ; 
and, on the other, the friction between the shot and 
grooves and the resistance of the twist of the 
rifling. In the case of breech-loading guns, to these 
may be added the resistance offered by the soft 
metal coating to the compression necessary for the 
shot to take the grooves. After it leaves the gim, 
the propelling force necessarily begins to decrease 
* VoL IL. p. 94. 



SCIENCE FOR ALL. 


while a new set of opposing forces now come into 
play. These are the force of gravity and the resist- 
ance of the air to retard its direct passage to the 
mark ; then there is the natural tendency of all 
rifled projectiles to deviate continually to the right 
(if the rifling of the gun be from left to right), and 
mce veraA. This is technically called derivation, 
or ‘‘diift,^* and though not an actually opposing 
force, has to be considered in laying the gun. All 
these are more or less certain in their efiects. 
Lastly, there is the effect of wind, which is, of 
course, uncertain. Now the spherical projectile 
fired from a smooth-bore gun is always more or less 
eccentric and irregular of surface; all such shot, 
therefore, owing to the fact that their centres of 
gravity do not coincide with the centres of the 
spheres, are liable to turn over in their flight, and 
have consequently an irregular rotation, in addition 
to that caused, as was before pointed out, by wind- 
age. If an elongated ])roj^»ctile be fired from such 
a weapon, this source of error is of course much in- 
creased, the pressure of the air acting unequally and 
irregularly on a larger surface. For example, the 
shot in Fig. 6, if not rotating round its longer axis 
a 6, would be liable to tom over by the air-pressure 



Fig. 6.— niastrating E.Iect of Air Besistance on Elongated Shot. 

(A) Force of Projection: (ii oi Trajectory ; (u) Reiiitance of Air; 

IQ) Centre uf Gravity. 

acting below the point (where, as it is falling in its 
curved path, the pressure is strongest) at R. But 
if the shot have a rotation round its longer axis, 
this source of error is neutralised by the air-pres- 
sure being more equally distributed ; the uncer- 
tainty of rotation of all smooth-bore shot, due to 
their form, also disappears. The eject of rifling, 
therefore, is primarily to produce rotation round 
the long axis of the shot, which tends to counter 
balance other disturbing forces. A child^s top, for 
instance, owes its steadiness and its resistance to 
the force of gravity to tliis very principle. The 
reaiclt of rifling is to enable us to use elongated pro- 
jectiles and obtain several advantages. Weight 
for weight with spheres, they offer a smaller sur- 
face for resistance, and therefore range and pene- 
trate farther ; they can be made to have heads best 


calculated for passage through the air and penetra- 
tion into the target, and as they travel point fore- 
most, percussion fuzes can be used with certainty > 
they meet with less resistance than round shot, and 
therefore have a flatter trajectory, or path ; and, 
lastly, all projectiles can be made of the same weight 
by altering their lengths, and si)ecial kinds to meet 
special cases can be readily employed. Of the 
sevei’al forces mentioned as affecting the shot’s 
flight, that of gravity tends merely to drag the i)ro- 
jectile downwards ; and if the retarding action ot 
the air be for a moment disregarded, it is capable of 
proof that the result of this force, and that of pro- 
pulsion received from the powder, would be to make 
the ‘‘ trajectory,” or curved path of the shot through 
the air, parabolic. But the resistance of the air 
materially modifies the form of the tmjectory, and 
the amount of resistance depends, first of all, on the 
shape of the shot itself. This retardation is in- 
fluenced by the form of the rear end as well as the 
fore end of the projectile, and must not be confused 
with the best form for penetmting a hard material, 
such as iron. For example, some of Whitworth’s 
bolts are flat-headed, with the object of acting as a 
punch would do : yet this form is not a good one for 
diminishing the effect of the air’s resistance. Thi*ee 
forms have been generally employed : the conical, 
or 'v ertical section of a cone ; the conoidal, a figure 
formed by the revolution of a conic section round 
its «xis ; and tlie ogival or pointed arcli shape. Of 
all three the ogival seems by exi^erituent to ex- 
perience the least resistance ; but the shot proposed 
by Whitworfh was conoidal in front and tapered 
behind, and this gave the best results as regards 
range. But though this fonn was j)ossible with a 
shot having such long bearings as liis, it could 
scarcely be adoj^ted in the studded projectiles of 
guns rifled with few grooves, because of the un- 
equal strein that would be brought u 2 )on the studs 
themselves, and render them liable to sheer. The 
velocity of rotation, being the means whereby the 
effect of the opposing force is modified, must of 
necessity vary with the character of the projectile 
used and the velocity of propulsion. For as the 
initial velocity of the shot increases, so will the 
resistance of the air, tending to upset it, increase, 
greater length giving greater leverage on which 
the air can act ; while the form of the head, giving 
a greater or lesser surface on which it can press, 
also increases the effect of the disturbing force, and 
necessitates a more repid spin. Thus long pro^ 
jectiles, which have a natural tendency to droop, 
and fiat-headed ones, such as Whitworth’s bolts* 
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Tfhen thd air directly opposes tbe head instead of 
operating obliquely on it, require a more rapid 
rotation, and therefore a quicker twist in the spiral 
of the rifling. A good length for a shot is about 
two calibres, or twice the diameter of the bore. 
Even the density of the mass influences this ques- 
tion. Hollow shells are steadier than solid shot of 
equal weight, for “the mass being distributed 
farther from the axis, the radius of gyration is 
lessened.^' If, again, the centre of gravity of the 
shot be very far back, the base has a tendency to 
droop, and high velocity of rotation is required to 
keep it steady. Thus the nature of the gun, as far 
as its system of rifling goes, and the character of 
the shot, act and re-act the one on the other. And 
not only are the theoretical opinions advanced found 
generally true in practice, but the effect of air-pres- 
sure can be proved by the gyroscope. The disc 
employed in ordinary experiments is. replaced by a 
small elongated shot, furnished at its base with a 
projecting piece of metal wherewith to give it the 
necessary spin. It is held in two rings, so arranged 
that one can turn on a vertical, the other on a 
hoiizontal, axis : so that its movement is free in 
any direction. When made to rotate, a current of 
air is directed, by means of a blower, on any 2 )art of 
the shot, which may be of any required form, and 
the effect of air-pressure very clearly demonstrated. 
Though the shot has no “motion of translation,” the 



effect of causing the air to im- 
puige on it produces the same 
result as if it impinged on the 
air. 

The “derivation,” or “drift,” 
of elongated projectiles before 
referred to is also influenced 
by the form of their heads. 
Jlius, with conical-headed shot 
the deviation is always to the 
right when the rotation is 
right-handed, but owing to air- 
pressure, the reverse is the 
case if the head be flat. 

It remains, lastly, to exa- 
mine tbe work the shot will 
do. This depends on what it 
is required to do. In the case 


7 . 

Section of Common Shell. 


.of shells that are intended to 
burst without penetrating an 


object, the form of the head would be such as 


would render passage through the aii* easy, and of 
the body such that it would contain the proper 
charge of powder or bullets. With shells or shot 


designed to penetrate the object aimed at, the form 
of the head is of greatest importance. There are 
three general classes of pi’ojectiles used in war. 
Common shells for incendiary 
purposes, or for the penetration 
and shattering of materials 
other than iron plates. Thus 
for bombardment against 
wooden or thinly-plated ves- 
sels, or against earthworks, 
when the bursting-charge 
would act like a small mine, 
this kind of projectile is em- 
ployed. Fig. 7 represents the 
section of a common shell : h 
is the fuze-hole, in which the 
fuze, wliich may burst on strik- 
ing (percussion fuze) or after 
a certain lapse of time (time 
fuze), is inserted ; a the un- 
loading-hole, in case, after the 
fuse is entered, and when it Tig. 8.-Section of Shmp- 
might be dangerous to remove 
it, tbe bursting-charge may have to be removed ; 
c the studs by which rotation is effected, and which 
are “swedged” into under-cut holes made for the 
purpose. Their destructive effect may be imagined 
when it is remembered that for the 12-inch gun 
the shell is about 30 inches long and contains 351b, 
of powder. 

Next, there is the Shrapnell shell for firing againsf 
troops; its destructive effect being chiefly due to the 
hardened bullets, of variable size, with which it is 
filled. With the common shell, the violence ot 
explosion is most important; but with this, the 
bursting-charge (6) is only sufficient to open the 
iron casing without disturbing the velocity of the 
bullets, which has been acquired by the velocity of 
the missile itself. In Fig. 8 it will be seen that 
the head is of wood, cased in iron a, which is merely 
added to give a suitable form for the passage of 
the cylindrical box of bullets through the air. Tlie 
central channel is the means of communication be- 
tween the fuze and the small bursting-charge ; and 
one element of value this shell especially possesses 
is that it is excellent with time tuzes, and it is 
therefore available when, owing to the soft nature 
of the ground, percussion fuzes could not be em- 
ployed. The number of bullets, of courae, varies, 
but the 9-inch Shrapnell contains 564 12-ounoe 
balls. “ Case ” shot is also used against the 
personnel^ but only at short ranges, and is un- 
provided with a bursting-charge, the force of the 
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{X>wder-gas being sufficient for breaking up the case 
containing the bullets. 

Against armour-plates, or for battering purposes, 
the Falliser shot or shell is alone used In external 
shape they are similar, and the only internal 
difference is that the central hollow is larger in the 
latter than in the former. They ui*e made of cast- 
iron, the head being chilled. The I'eason for this 
is simple. For penetrative purposes a shot should 
have as hard a point as possible, and yet, for 
economical reasons, be cheap in manufacture. 
Steel is too expensive a material under these cir- 
cumstances; but it was well 
known that iron cast in a 
metal mould cooled rapidly 
and acquired an intense haixi- 
ness, but, at the same time, 
excessive brittleness. In this 
state it is known as white iron, 
to distinguish it from ordinary 
cast-iron, in which the carbon, 
in the form of gi*aphite, is 
mechanically diffused through 
the mass, giving it a grey or 
mottled api)earance. This 
always occurs when iron is 
slowly cooled. 

To chill the entire shot, and 
make it all hard and brittle, 
would lead to its base being 
possibly fractured by the shock of the powder-gas ; 
so that Palliser projectiles ai’e cast with the head 
in an iron, and the base in a sand mould, thus pro- 
ducing an intensely hard-pointed, but otherwise 
comparatively soft shell. 

But the most important thing to notice in the 
Palliser shell is the fom of the head. This is 

ogival,” struck with a radius of from one and a 
quarter to one and a half ; so that the shock of 
impact may be converted into a gi^adually increasing 
pressure. Fig. 9 shows a section of one of these, 
the lines in the head indicating the radiating lines 
of sudden ciystallisation, and the dots in the rear 
part the mottling of the iron, due to the presence of 
the graphite sjiots. No fuze is necessary ; for the 
heat generated by impact, or perhaps the sudden 
percussion of the powder charge on the front of the 
shell when it strikes, is sufficient to ignite it. 

The work the shot will actually do dei)ends on 
the stored-up work in it, due to the velocity im- 
parted to it by the powder-gas, modified by its 
weight, form, and diameter. Some ix)rtion of this 
work will be expended in breaking up the projectile 



itself ; and it is found, in practioe, that while the 
head of a Palliser shell after destructive impact is 
comparatively cool, the fragments of iron of the 
broken base, as well as those of the iron plate 
penetrated, are extremely hot. That is to say, the 
work of which the head was capable was fully ex- 
pended on the plate, but that poi*tion of the work 
that was expended in breaking the shot or shell 
was developed in the form of heat. With a badly- 
formed shot the head would be, and is, hot like 
the other fragments. The peneti'ation should be 
“ directly pi'oportional to the work in the shot, and 
invei^sely proportional to the diameter of the pro- 
jectile.” Elongated projectiles penetrate farther 
than balls of equal weight, liecause, while having a 
less area to oppose to the resistance of the object, 
owing to their form, they will, being less retarded 
during their flight, have a greater final velocity; but, 
at the same time, the initial or starting velocity of 
the smooth-bore is generally greater. Shape of 
head is of paramount importance in penetration. 
Blunt-headed forms, especially if the material be 
wrouglit-iron, not only set up ” on impact — that 
is, bulge at the head — but even if perfectly flat, 
like a })unch, they cut out a portion of an armour- 
plate, which piece they carry in front of themj 
adding to the work to be done. Ogival-headed 
shot, more particularly if chilled, do not “ set up,” 
and, penetrating more readily, thrust aside, as it 
were, the fibres of the opposing metal in their 
passage through it. 

It is not considered sufficient now, as it was 
when iron-plated ships were first introduced, to at- 
tempt the destruction of the aimour by tiring heavy 
spherical projectiles with low velocities, as did the 
Americans in 1864. As the method of construc- 
tion of the cuirass improved, it became more and 
more evident that “ racking,” as this was called, 
was far inferior to ‘‘punching” in its effects, and 
shot having high velocities and of good penetrative 
shape came into general use. 

The amount of work that a punching or pene- 
trating projectile can execute on any iron target 
is estimated by calculating, first of all, the atored-vp 
worky or energy ^ in the shot at the moment of 
impact. This is arrived at by the formula — 


W.V.2 

Work"" — 

^^^*’'2^^x2240, 


where W. is the weight of the shot in pounds, V. 
its velocity in feet per second on striking, g the 
force of gravity (32*2), and 2240 the number of 
pounds in a ton. If, however, it be required to 



WHY THE RAIN FALLS. 


229 


ascertain approximately the penetration of a pro- 
jectile into iron plates, the formula 


W.V.« 
2^ X 2240 


= 2irrxl)nxK 


must be employed. Here 7r = 3*14159, 2r=::the 
diameter of the shot in inches, b = the thickness of 
the plate to be pierced, n - a constant quantity de- 
pendent on the quality of the plate (usually taken 
as 1 *6 for wrought-iron), and K = 2*63 a co-efficient, 
depending on the nature of the wrought-iron in the 
plate and the form of the head of the shot. For 
example, a 9-inch Palliser shell, having a final 
velocity (that is, at the moment of impact) of 1,304 
feet, would have 


^ . 260 X (1304)2 

Total energy=2--32:^2240 

= 2946*9 foot tons; 


and dividing this by the circumference of the shot 
in inches, we find that the energy per inch of 
circumference is 105*16 tons. Again, supposing it 


were required to find the thickness of the plate 
penetrable by a 38-ton gun, the final velocity of 
whose projectile was 1420 feet per second, we 
should have 

812 X (1420)2 

“ 2 X 32*2 X 2240 x 3*14169 x 12*6 x 2*63 ; 
or b = 19*33. 

In practice against a target with an iron plate 19*6 
inches thick, it was found that the shot had pene- 
trated, ** leaving its base in the hole,^^ ihus proving 
the correctness of the formula. 

Thus it apiiears that the work a shot is capable 
of doing depends, first of all, on the character of 
the rifling and the amount of the powder charge, 
both of which affect the velocity ; next, on the 
form given to it and its rapidity of rotation, 
whereby the action of the air’s resistance is mo- 
dified ; and lastly, on the material of which it is 
composed, the form given to the head, and the 
nature of its contents. 


WHY THE RAIN FALLS. 

By Robert James Mann, M.D., F.R.C.S., F.R.A.S., etc. 


A mongst the several notable properties which 
fit water for the important part it plays in 
the material arrangements of the habitable earth, 
its fluidity, or power of flowing, stands conspicu- 
ously out, both on the ground of usefulness and 
interest. This attribute of ready and fluent move- 
ment under the slightest extraneous impulse is not, 
it is true, an exclusive privilege of aqueous exist- 
ence, for it is shared by all the material substances 
which are what is tenned of a liquid consistency. 
But water,* of such substances, alone is foiind in 
great abundance in a natural state, and is, indeed, 
so universal and constant in its presence that it 
assumes the place of Nature’s own favourite re- 
presentative of this liquid phase of material exist- 
ence. As rivers, water runs down all the sloping 
channels sculptured out upon the terrestrial surface 
between the hills and the sea; and as the ocean, it 
flows round the earth, and fills all the deepest 
depressions that are hollowed into the ground. 

The great physical peculiarity which confers 
this power of fluent movement upon water is, that 
the myriad of little particles of which its substance 
is composed, although lying near together, are, 
nevertheless, perfectly free to glide over each other, 
» See “ Soience for AU,” Vol. L, p. 208 ; and Vol. H., pp. 25, 62. 


and roll independently about. They have no inclina 
tion or tendency to get far apart, and they have no 
inclination or tendency to hold firmly together. In 
the case of a solid substance, such as a lump of 
stone, the constituent particles cling to each other 
with such a resolute grip that it takes the blow of 
a heavy hammer to force them asunder; and even 
then, when they have been subjected to this violent 
interference, they only part company in a few 
places through the mass, so that it is broken by 
the stroke into a limited number of fragments, 
instead of being loosened throughout into its 
ultimate molecules. In. water, and in all liquid 
substances, the primary, or ultimate molecules, on 
the other hand, all lie side by side without being 
bound to each other by any kind of cohesive graspi 
so that the slightest impulse causes them to shift 
their places amongst each other. 

When water is frozen into ice, it acquires the 
same kind of solid hardness as a stone. Its con- 
stituent particles are then bound by the influence 
of the cold so firmly to each other that a lump of 
the ice can be carried about in the hand, just as a 
stone might be, without losing its form. If the 
lump be laid upon the gi’ound, the ice-particles 
which are at the top of the mass are sustained 
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there hj their firm adhesion to the particles 
beneath ; but if, in such circumstances, the ice is 
suddenlj^ melted by heat, the adhesion between the 
contiguous particles is destroyed, so that the 
weight of those which are above makes them slide 
down over the lower ones until they imch the 
ground, and then continue to roll along the ground, 
if its downward slope affords the facility for doing 
so, just as balls roll down the face of a hill. The 
flowing down of water is entii’ely due to the attrac- 
tion which the earth exercises upon the little mole- 
cules. So soon as there is no opposing force 
adequate to the prevention of the result, the mole- 
cules roll down under the pull of the attraction, 
gliding and sliding over each other as they do so. 
The molecules which glide and i^oll over each other 
in this way are, it will be understood, exceedingly 
minute bodies. It will be remembered what has 
been already said in a preceding page* of the 
minuteness of air-atoms. The statements there 
made in reference to the dimensions of those bodies 
apply with very nearly equal force to the individual 
molecules of water. Each separate molecule of the 
liquid is certainly not more than three times the 
size of the elementary atom of air. Each molecule 
of the water in reality consists of just three such 
primary gas-atoms, associated together as a group. 
In each molecule of the water there are — as we 
have already seen t — one atom of oxygen and two 
atoms of hydrogen, both ga?eous elements, agglu- 
tinated together by the agency of an aggi^egating 
force. Tlie union of the three gaseous atoms into 
a molecular gi’oup does not, however, affect the 
question of dimensions in any very material way. 
The little mass built up, or molecule, is still much 
too small to be seen when it is separated from all 
its companion molecules. Water in bulk is visible 
only because many molecules are drawn very near 
together, and so appear to the eye as a connected 
mass. The separate particles or individual mole- 
cules which are clustered together in water can no 
more be seen, even by the help of the most power- 
ful microscopes, than the ultimate atoms of air. 

That the individual molecules of water are thus 
absolutely invisible to the eye on account of their 
minuteness, when they are floated widely asunder, 
can be easily proved. When a very cold drinking- 
glass, which has been wiped perfectly dry, is brought 
suddenly into warm air that is itself transparent 
and invisible, the glass becomes dimmed all over 
its outside with trickling moisture. All this moisture 
is drawn out of the invisible and transparent air. 

* Vol. L, p. 322. t Vol n.,p. 62 . 


It was present in it when in the clear and trans- 
parent state, and it was invisible then because its 
constituent molecules were floated widely apart in 
the spaces intervening between the air-atoms. It 
becomes visible upon the glass only when a con 
siderable number of the widely-spread molecules 
are drawn together by the influence of the cold. 

The floating-up of the minute and altogether 
invisible water-molecules in this widely-severed 
state into the air, however, introduces some further 
considerations in reference to molecular existence, 
which require to be dealt with here, on account 
of the bearing that they have upon the production 
of rain. In the first place, the constituent mole- 
cules of water, when they lie in close contiguity in 
the liquid state, and glide about over each other, do 
not actually touch. There is at all times an absolute, 
although a very narrow, chasm or interval between 
molecule and molecule. They float at a definite 
and quite appreciable distance apart, being held at 
that i*elative distance by the influence of opposing 
and carefully balanced forcea The weight of the 
molecules, or, in other words, the attnictioii exerted 
over them by the eai'th’s mass, draws them into 
close contiguity to each other; but when they have 
got into tolerably close neighbourhood, a new force 
comes into play, and resolutely prevents them from 
getting into absolute contact, and they then remain 
at this distance, poised between the antagonistic 
and oppositely acting impulses — hung up, as it 
were, between the pull and the push. 

It is perhaps hardly possible to give, in the exist- 
ing state of physical science, a complete and quite 
satisfactory explanation of the nature of this rei)ul- 
sive force which acts between the contiguous mole- 
cules of material substances, and which keep's them 
from coming into actual contact, even when pi'essed 
powerfully together. But it can at any rate be 
made obvious and plain that it is an immediate and 
unavoidable effect of the operation of the power, or 
state, which is familiarly known as ‘‘ heat.^^ With 
each fresh accession of heat, the molecules of any 
heated substance are held further asunder. When 
some definite quantity of water is heated by the 
action of sunshine, or of an artificial fire, the mole- 
cules of the liquid mass repel each other with 
augmented foice, and move a little farther apart, 
although still drawn together by an approximating 
energy that has undergone no change. The water 
then consequently occupies an actually larger space. 
A pint of hot water has a larger bulk than the 
same weight of water when it is cold. If the water, 
on the other hand, Jbe chilled, instead of being 



WHY THE RAIN FALLS. 


231 


neated) the inter-molecular repulsion grows less, 
and the molecules approach a little more nearly 
together. The attraction then so far preponderates 
over the repulsion. 

The scientific notion, at the present time, regard- 
ing heat is simply that it is a state of unceasing 
movement or play of the molecules of material 
substance. There is no ceilain knowledge as to 
what the exact character of this intrinsic molecular 
commotion of a heated substance is. Some author- 
ities are satisfied to conceive that the molecules 
are in a state of unceasing whirl, revolving upon 
themselves as spinning-tops revolve upon their axes, 
and that this whirl is urged on ever -faster and 
faster as the heat mounts up to a higher intensity. 
Other authorities, again, assume that the move- 
ment is more of the nature of a vibratory swing — 
a to-and-fro play. Possibly there may be a com- 
bination of both these modes of molecular disturb- 
ance. Tlie vibratory play may itself, indeed, be in 
some sense a consequence of the rotary whii*l. At 
any rate, the concejition of a vibratile swing of 
the molecules very naturally accounts for increase 
of dimension with augmented heat. When the 
molecules make more energetic excursions from 
side to side, it is obviously indispensable that they 
must have more space occupied by their to-and-fro 
swingings. 

There is' one consequence, however, of this 
vibratile commotion of the molecules which is of 
great practical moment in the case of water, on 
account of the serviceable results which ensue. The 
vibratory or to-and-fro play of the molecules is 
checked within certain definite limits, or controlled, 
in the main bulk of the liquid, on account of the 
resistance which the swaying particles meet when 
they approach towards impinging upon each other. 
But at the upper layer of the liquid mass, where it 
comes into immediate connection with the air, tliis 
does not occur to the same degree. Tlie swaying 
of the molecules is only resisted when they are 
pressed downwards into the subjacent liquid mass. 
When they rise upwards towards the thinner air, 
large numbers of them are tossed off, and bound 
freely away into the open spaces that lie between 
the widely-spread atoms ; and in those inter-spaces 
they float well apart, like the air-atoms themselves. 
The aqueous substance, indeed, literally becomes 
changed into the state of air ; although in this par- 
ticular case the air-like condition is characterised 
by a distinct name, and called vapour.” Vajwur 
is merely the loosened-out and widely-spread con- 
dition in which the molecules of water are found 


when they are scattered asunder from each other, 
either in otherwise void space, or in the intervals 
that exist between gaseous particles. The aqueous 
molecules which have been alluded to as existing in 
an altogether invisible state in warm air, until they 
are brought together by the chilling or condensing 
influence of a cold glass, are precisely in this state. 
They have been originally tossed off into the air 
from the upper surface of some collection of liquid 
set vibrating and pulsating by the agency of heat. 
The passing off of the molecules of water in this 
way from the upper surface of any collection of 
liquid, into the thin and, so to speak, dismembeied 
state of widely-spread gas, is the process which is 
technically known as evaporation.” Evaporation 
is essentially the transformation of liqiiid water 
into gas-like vapour. 

The quantity of disembodied vapour which is 
thus tossed off from the upper surface of heat- 
disturbed water in any given interval of time 
depends, however, essentially upon the degree of 
heat which is present in the liquid. The greater 
the heat ef its mass, the more energetic is the 
vibratory play of the aqueous molecules, as has 
been already said ; and the more eneigetic this 
vibratory play, the more abundant is the stream of 
the molecules which are tossed up into the air, or 
into free space. Wlien the heat is raised as high 
as the state which is known as the boiling-point of 
water, or 212° of Fahrenheit's scale, the vapour 
even bursts in great globular masses from the very 
depths of the liquid, as well as from its upper layer, 
where it is freed from the superincumbent pres- 
sure of the liquid mass, and is in presence only of 
the lighter and thinner air. It is the bursting out 
of the suddenly generated vapour through the 
general bulk of the liquid, which constitutes the 
familiar state of bubbling or “ boiling.” * 

It is now pretty generally accepted by scientific 
men, as in the highest degree probable that the 
molecules or ultimate atoms of material substance, 
when they are once scattered freely asunder into 
the condition which prevails in gaseous and vapor- 
ous bodies, retain the heat-generated and energetic 
movement which has been impressed upon them, 
and dash vndely about in bold excursions, instead 
of moving to and fro in almost infinitesimal ti^m- 
blings, as they do whilst bound down by the 
exigencies of a liquid or solid mass. It is conceived 
that each atom or molecule rushes forward in an 
onward path until it strikes against some other 

* A word apparently derived from the Icelandic word 
biUla, “to bubble up.” 
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molecule, or some coherent mass, and that it is then 
thrown back into a retrogi'ade course, just as a 
billiard-ball is when it strikes ivll upon another 
ball, or upon the elastic cushion of the table ; and 
that the mpidity and force of these molecular 
flights is greater in proportion to the heat which is 
present amongst the moleculea When a gas, or 
vapour, is contained in a closed vessel, such as a jar 
of glass, it is well known that it presses outwards 
against the sides of the vessel, and that it docs this 
with a force which increases with augmentation of 
heat* Accoi'ding to the modem doctrine of the 
molecular movement of gases, the pressui*e which is 
exerted ui)on the interior surfaces of the containing 
vessel is due to the actual blows or impacts of the 
molecules dashing themselves unceasingly against 
their prison walls. The theoretical reasonings about 
this ingenious conception have, indeed, been followed 
up so far that calculations have l>een made as to the 
speed with which the molecules of certain gases move 
as they fly to and fro at given temperatures. It must, 
however, on no account be overlooked, in reference 
to this mode of regarding the matter, that the 
movements of the molecules cannot be really seen, 
or, indeed, be in any way detected by the direct 
agency of any sense. They affect bodies which are 
withdmwn quite beyond the sphere of sensual per- 
ceptions, and are therefore plienomena that are 
I’easoned out, rather than obseiwed. They are 
conceived as conditions which are probable in a 
very high degree on account of the intelligible and 
satisfactory explanations which their assumed ex- 
istence gives of effects that are appreciable to the 
senses, and that can be made the object of examina- 
tion and exi>eiiment. It may be fairly held that 
they are, at any rate, approximations to the I’eal 
facts of the case ; and that the molecules of matter 
do behave somewhat in the way which is described, 
although very possibly it is only half the truth 
which has been yet seized by human intelligence in 
regard to them ; and the day may be yet looked for 
when some new light will be shed upon these as 
yet only pai*tially revealed mysteries of the phy- 
sical constitution of nature. 

It has been said that vapour rises up from the 
surface of water into the air in consequence of the 
shooting forth of the separated water-molecules 
under vibratory action, which unceasingly goes on, 
and that it lises up more abundantly, and more 
mpidly as it is more eneigetically acted upon by 
the disturbing power of heat This broad state- 
ment, however, it must be understood, is limited 
and qualified in one important particular. The 


outpouring of the molecules of the vapour can only 
go on until a certain definite load of the water- 
molecules has been accumulated in the air; and 
the load which can be in the end sustained with 
out further accessions of vapour, is greater or less 
accordingly as higher or lower degrees of tem- 
perature are operative at the time. Thus at the 
temperature of freezing water the interspaces of the 
air can receive the one-hundred-and-sixtieth pai*t 
of the atmosphere’s own weight of aqueous vapour, 
and when they have taken up so much, they cannot 
receive any move ; the load of the vapour then rests 
upon the water-surface with a controlling pressure 
which prevents any more of the vibrating particles 
from being shot off. At the temperature of 
the air can receive the eightieth part of its own 
weight of vapour ; and at 86° it can receive the 
fortieth part of its own weight. For each fresh 
addition of 27° of temperature, the capacity of the 
air to receive and sustain aqueous vapour is doubled. 
When the air contains as much wateiy vapour be- 
tween its parficles as it can receive without mani- 
festing its presence as visible mist, it is said to be 
in a ‘‘saturated” or satiated state. The saturation 
of air with moisture means that it has as much 
watery vapour, in a transparent and invisible state, 
mingled in amidst its own particles, as it nan hold 
without throwing it down as visible water. 

It is, however, yet again, a curious, and hardly 
to be anticipated fact, that in the entii’e absence of 
air, just the same quantity of aqueous vapour can 
be sustained at any given tem|)erature, in a trans- 
parent state above the surface of the liquid, as 
would rise in the presence of the air. The familiar 
expression, so constantly used, that so much 
moisture is sustained by the air, is hardly to 
be reconciled with the actual reality of the case. 
The naked truth is that the vapour is sustained 
altogether irrespective of the influence of the air. 
It is supported by the agency of heat, and is up- 
held in precisely the same way, both in the presence 
of air, and in vacuous space. The full saturation 
of the space is, indeed, brought about more quickly 
in the absence than in the presence of air. The 
real influence of the air-atoms is that they retard 
to some extent the penetration of the aqueous 
molecules amongst them ; the vapour is impeded 
in its onward flow by the air-particles that cross 
its path. But, just for the same reason, when air is 
drifting along in the condition of wind, it carries 
the floating vapour associated with it, and en- 
tangled amidst its particles. The vapour and the air 
are primarily subjected to an altogether distinct 
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physical control; but there is nevertheless some 
sympathetic bond^ which has hardly yet been 
sufficiently investigated and defined^ connecting 
them together. 

It is for this reason that increased pressure of 
air retards, and in the end lessens, the evaporation 
of water. In the face of the great law that vapour 
rises from water in the same way whether there be 
air or vacuous space above it, this ought hardly to 
be. The explanation of this seeming contradiction 
properly is, that the molecular condition of the 
surface of the water is so far changed by the 
augmented, or diminished, pressure of air, that in 
the one case the vibration and throwing off of the 
molecules is more checked, or damped, than it is 
in the other. The weight of the air diminishes 
the supply of vapour by pressing upon the water, 
although it is quite incapable of exerting any simi- 
lar controlling pressure upon the vapour-molecules, 
when these have once been disentangled from the 
actual surface of the liquid. It damps and em- 
barrasses the vibratile play of the molecules of the 
uppermost film of the liquid, although it does not 
in any way press upon the molecules of the already 
risen vapour. 

Under the several physical conditions and re- 
lations which have here been described, vapour is 
thrown up from the broad ocean, and from the 
moist porous surfaces of the earth, until the 
interspaces that lie between the particles of the 
superjacent air are copiously charged. The vapour- 
molecules then get so far entangled amidst the 
atoms of the air, that they are drifted along with 
them in whatever direction they may themselves be 
advancing, under the impulse of the wind. This, 
therefore, is properly the first stage in what, by a 
loose but convenient and expressive figure of 
speech, may be termed the manufacture of rain. 
In favourable circumstances, such as exist in the 
broad ocean-spaces of the torrid zone of the earth, 
the drifting air soon drinks in the abundant charge 
of vapour which, at its warm temperature, it can 
contain. The copious load thus acquired is then 
wafted away to cooler regions of the earth, where, 
in the first instance, the saturation becomes com- 
plete because the temperature of the air gets 
lowered to the requisite degree. With any fur- 
ther chill beyond this, the sui^erfluous vapour that 
cannot be retained at that lower temperature is 
gathered first into visible mist, or water-dust, as 
it has been happily termed, and then into round 
globules, or drops, which are too heavy to be any 
longer sustained by the flotation powers of the 
78 


moving windj and consequently fall to the earth 
in continuouB showers. The rain-making process 
is then complete. Whenever warm vapour-laden 
air arrives in positions of the earth where it gets 
rapidly chilled, rain falls as a matter of course, 
as a simple result of the arrangement which renders 
cold air unable to sustain the same charge of float- 
ing vapour which warm air can support 

At a temperature of 32° Fahr. — the freezing- 
point of water — air am sustain 2*37 grains of 
aqueous vapour in each cubic foot If in such 
air at any time there were 2*38 grains to the 
cubic foot, the superfluous hundredth of a grain 
would, of necessity, appear in the form of con- 
densing mist At a temperature of 60°, each 
cubic foot of fully saturated air would contain 
5*87 grains of invisible vapour; and at a tem- 
perature of 80° each cubic foot would hold 10*81 
grains. If, consequently, at any time fully-satu- 
rated air at a temperature of 80° were suddenly 
chilled down to 60°, nearly five grains of water- 
drops, or rain, would of necessity be poured down 
out of each mhic foot of aerial substance. It does not 
at all matter how such chilling effect is produced. 
It may be by the rapid admixture of distinct cur- 
rents of ail*, the one warm and the other cold. 
Thus, if, in the conflict of antagonistic winds, a 
cubic foot of air with a temperature of 80° were 
mingled with a cubic foot of air with a tempera- 
ture of 40°, there would be two cubic feet of air, 
or thereabouts, with a temperature of 60° through- 
out. Or, on the other hand, the chilling of the air 
may be the result of the bodily movements of the 
warm air to a less heated part of the earth ; or to 
the sliding of the warm air-mass up along the slopes 
of lofty hills. When this latter occurrence takes 
place, as it invariably does where an ocean wind 
drives in against the shores of a mountainous or 
elevated land, the air first gets expanded as it rises 
into the higher regions, where the pressure of the 
superincumbent atmosphere is less, and then be- 
comes cold as a consequence of the expansion. 
Whenever air is expanded into larger dimensions 
and thinner substance, sensible heat is taken up, 
and as it were consumed for the time, to be turned 
to account in keeping the air-molecules fai*ther 
apart, instead of in warming the mass. Rain is 
effectually produced, then, by any of these causes 
of chill. It occurs when a moist warm wind blows 
in from the ocean upon cold stretches of land. It 
occurs when dense, vapour-laden winds are pressed 
up the slopes of abruptly-rising hills, and it takes 
place whenever warm ocean winds are mingled with 
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oold blasts in the surgings of the tempestuous con- 
flicts of the atmosphere. Even cold, dry winds may 
be the immediate cause of rai^ if they blow sud- 
denly in upon a mass of warm, vapour-saturated 
air. 

The difierenoe between the physical state of a 
gas which is not condensible into a liquid at 
ordinary temperatui'es and pressures encountered 
naturally upon the earth, and that of the vapour 
which is changed into the liquid state under slight 
variations of natural temperatures and pressures, is 
very admirably illustrated in the case of air, and of 
the aqueous vapour which is mingled with the 
atmosphere. The gaseous air, it will be remem- 
bered, has no liquid reservoir ; it is a fixed and 
approximately unchanging gaseous investment of 
the earth. The main bulk of the water, on the 
other hand, lies in a liquid state in the wide and 
deep basins of the sea, and only a small and quite 
subordinate part of it is scattered around its outer 
surface as expanded vapour. There are various 
considerations of gi^eat practical intei'est which 
arise out of this difference. But the allusion to 
these must unavoidably be left for other oppor- 
tunity. The one ])i'egnant circumstance which is 
here for the present occasion selected from amongst 
them, and held up apart to be seized by the atten- 
tion and memory, is the leading feature and fact 
that the quantity of vapour which can be raised 
out of the great raserve basin of the sea is deter- 
mined and fixed by the quantity of heat which is 
available for the pui'pose at any place, and that 
such quantity varies to a veiy large extent even 
within the limited range to which natural tem- 
peratures extend. With the largest amount of 
heat which is furnished by the sunshine that falls 
on the earth, a copious aljundance of the vibrating 
molecules are shot off from the surface of the liquid 
seas to assume the expanded state of scattered 
vapour. But, under privation of sunshine, a good 
part of those molecules aie gathered back from the 
scattei^ vaporous state until they cohere into 
water-drops, and fall back to the ground or sea. 
Cold, when applied to the invisible fioating vapour, 
diminishes the energy of the impulse or swing 
by which the aqueous molecules are kept floating 
apart, and so enables them to be drawn back into 
liquid water. 

As a general rule, vapour is raised in the most 
copious abundance over the equatorial and inter- 
tropical seas, and is transported to the temperate 
and colder regions of the earth, and especially to 
the more elevated lands lying in those regions, to 


be deposited. But this general rule is modified in 
a very remarkable and, indeed, surprising degree, 
by the influences which have been described in a 
preceding page^ as ruling the local distributions 
and variations of temperature. The consequence is 
that rain is poured fitfully and. intermittently over 
the land-spaces of the earth. The rose of Nature’s 
own watering-pot, so to speak, is swept bounteously 
over the ground, now in this direction, and now in 
that, so that all -parts of the earth receive a due 
share of the fertilising showers, as well as of the 
quickening sunshine that alternates with the clouds 
and rain. Since the capacity of the air to sustain 
aqueous vapour depends upon heat, and since this 
heat is in a condition of never-ceasing change at all 
places, such must be the rasult in the matter of the 
rainfall The varying temperature and the vary- 
ing winds efficiently insure the wateiing of the 
earth everywhere excepting in the few happily 
limited desert tracts which are as destitute of living 
creatures as they are of rain. 

One further consequence of this method of 
ordering the rainfall is that there is a very great 
difference in the quantity which is deposited on 
different parts of the earth. Most rain falls where 
hilly or elevated coasts are exposed to the inflow of 
warm ocean winds, and least where prevalent winds 
drift in from cold, dry regions to low-lying, sunny 
lands. But over and above this there ai'e circum- 
stances connected with the sculpturing and ex- 
|)osure of the land, which make the difference 
very great within very narrow limits of territoiy. 
Thus in Cumberland there are places within two 
miles of each other at one of which the average 
annual rainfall is 47 inches more than it is 
at the other. The annual fall at any one 
place also differs materially in different years, ac- 
cordingly as warm and moist, or as cold and dry 
winds have been predominant. On account of the 
great diveraity which attains in the amount of 
rain deposited on different parts of the earth, it 
becomes very difficult to ascertain what the sum 
total over the whole earth must be. If the amount 
of water that is thrown up into the air from seas, 
rivers, moist ground, and living vegetation could be 
measured, that of course would give a fair esti- 
mate of the rainfall of the earth, because it may 
be safely assumed that all the water which is 
raised into the air as vapour is ultimately thrown 
down again to the gi'ound as rain. Commodore 
Maury, the distinguished meteorologist of the 
United States, calculated that about 16 feet of 
•Vol. n.,p. 123, 
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water, assumed to be of the same area as the sur- 
face of the earth, is evaporated into the air within 
a year. More recent authorities consider, however, 
that this estimate must be largely in excess of the 
truth, and that if all the rain which falls upon the 
earth were allowed to accumulate in a basin of the 
same area as the teiTOstrial surface, it would amount 
to a collection 8 feet deep at the end of a year. The 
average rainfall of the British Islands appears to 
be something like 36 inches in the year ; and the 
aveiuge rainfall of London is certainly about 26 
inches, or a little more than 2 feet in the year. 
The annual rainfall in the driest parts of the 
British Islands amounts to about 18 inches, and in 
the wettest parts, amongst the mountains of Cum- 
berland, it amounts to 189 inches in the year. 
The heaviest rainfall known upon the earth occurs 
upon the mountain slopes beyond the head of the 
Bay of Bengal, and amounts upon the average to 
610 inches, or nearly 61 feet, in the year. One 
inch of rain implies a fall of 101 tons of water 
upon each acre of ground. The average rainfall 
of London therefore entails a supply of 2,526 tons 
of water in the year to each acre of ground, or 
31,310,000 tons for the entire metropolis, esti- 
mating it at an area of 20 square miles. 

The rainfall at any place is ascertained by catch- 
ing the amount of water which falls in an instni- 
ment which has been contrived for the purpose, 
and which is known as the rain-gauge. If a 
cylindrical vessel, with a circular mouth having 
exactly the same diameter as the interior of the 
vessel, were used to catch the rain, the depth of 
the accumulated water, measured in inches and 
decimal parts of an inch, would express the quan- 
tity which had fallen through 
that mouth in any fixed interval 
intervening between two regular 
periods of observation, such as 
twenty-four hours. This, how- 
ever, implies that some contriv- 
ance is employed to prevent any 
portion of the water that has 
been collected from escaping in 
the meantime by evapoi’ation. 
But when the rainfall between 
successive observations is small 
— such, for instance, as a hun- 
dredth part of an inch for the 
horizontal area of the gauge, it 
is obviously difficult to measure it exactly in this 
direct way. On this account the expedient is 
adopted of catching the water, as it falls, in a 
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funnel, so placed as to cany 
interior vessel. The piinciple 
method of measuring is illus- 
ti*ated in the accompanying 
sketch (Fig. 1). 

If it be assumed that in this 
figure the mouth of the receiv- 
ing-funnel has four times the 
area of the jar contained in the 
interior of the cylinder, then a 
depth of four inches of rain 
collected in the jar would indi- 
cate a fall one inch in depth for 
the area of the mouth of the 
funnel. In rain-gauges com- 
monly in use, the measurement 
is made still more exact by 
catching the rain in some in- 
terior vessel, and then pouring it out into a long 
and narrow glass jai', which is graduated into 
hundredths and half- 
hundredths of an 
inch, such .as is repre- 
sent^ in Fig. 2, the 
graduations being 
duly adjusted to the 
area of the funnel. 

The evaporation of 
the water between 
tlie periods of obser- 
vation is prevented 
by having the funnel 
of the gauge con- 
trived as shown in 
Fig. 3. ' The funnel f 
lifts off from the top 
of the lower part of 
the receiving cylinder 
0, and discharges 
itself at the bottom, 
when in use, into that cylinder by a small pipe p, 
turned up so as always to retain two or three drops 
of water in the bend. The dotted lines p a, p 6, show 
how the sides of the funnel are inclined to lead 
down to the curved pipe which discharges into the 
cylinder. The water collected in c is poured out 
into a glass measure like that which is represented 
at Fig. 2, whenever its quantity has to be estimated. 

A very convenient and cheap form of rain-gauge 
may be provided by having a small circular copper 
funnel, something like that which is shown in 
Fig. 4, prepared with the mouth careftdly turned 
so that it measures 4*697 inches across within its 
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rim. Sach a fonnel then has ao area of 17*33 square 
inches ; and as one fluid ounce of water measures 
1*733 cubic inches, a fluid ounce of 
water collected from rain falling into 
the funnel represents exactly a tenth 
part of an inch for a cylindrical 
vessel as wide as the top of the funnel. 
The great advantage of this form of 
instrument is that no other measure 
is required for estimating the fall in 
tenths of an inch than the ordinary 
fluid ounce measure of the apothecary, 
which can always be procured any- 
where. Each ounce of water thus measured indi- 
cates one-tenth of an inch rainfall The ounce 
can be further sub-divided into tenths — ^which then 
represent himdredths of an inch— by any simple 
expedient, such as marking the sides of a carefully 
moulded ounce phial into ten equal parts. If at 
any time the graduated measure is broken by acci- 
dent, another, equally reliable, can be immediately 
procured. The funnel is generally placed in the 
mouth of a glass bottle to collect the rain, and if 

its sides fit faix'ly well 
to the mouth, no evapo- 
ration of any conse- 
quence takes place. 

The amount of free 
moisture present in an 
invisible state in the 
air is estimated by in- 
struments which are 
termed hygrometers. 
The one invented by 
Professor Daniel, which 
is a very convenient 
form to use, is shown 
in Fig. 5. A bent glass 
tube is tenninated at 
each end by a bulb 
somewhat exceeding 
an inch in diameter; one side of the tube A, 
which is the longer one, has a small thermometer 
inclosed within it, and some sulphuric ether at the 
bottom of the bulb, surrounding the ball of the 
thermometer ; and there is also an outside thermo- 
meter fixed to the central stem of the instrument. 



Hg. 6.— 
meuniing tiu ttownre of the 
Air thnmgh the Effect of the 
ETapoittion of Ether. 


The bulb b at the shorter end of the tube is covered 
by a coat of muslin, so that ether can be poured 
upon it at will from a phial, as represented in the 
figure. When ether is so poured upon the muslin, 
it makes the covered bulb of the tube very cold by 
rapid evaporation. Yapour of ether in the inside of 
the tube, which has risen into it from the bulb A, is 
on that account condensed, and further evaporation 
of ether then goes on from the bulb a, containing the 
thermometer inside, and cools it down, until at last 
dew be^ns to deposit upon the outside of the glass. 
At that instant the readings of the two thermo- 
meters, one inside and one outside, are compared ; 
and from the difference of these readings the quan- 
tity of aqueous vapour in each cubic foot of air can 
be ascertained, by reference to tables which give 
what is termed “ the tension of 
aqueous vapour” at each degree 
of Fahrenheit, and by calcula- 
tion. The figures in the table 
representing the temperature 
expressed by the inner thermo- 
meter at the instant when the 
dew is formed, divided by the 
figures correspondins with the 
temperature of the outer ther- 
mometer, exj^ress the degree of 
moisture of tlie air. An ana- 
logous result is also obtained by 
another form of instrument, 
known as the dry and wet bulb 
hygrometer, in which two 
exactly similar thermometers 
are placed side by side, one 
having its bulb enveloped in thin muslin kept wet 
by water drawn out of a small bucket, or reservoir, 
through a wick of cotton. The wet-bulb thermo- 
meter reads lowest, on account of being cooled by 
evaporation from the moist muslin, and the more 
so in proportion as the air is more dry, and the 
evaporation on that account more rapid. The com- 
parison of the temperatures indicated by the two 
thermometers then enables the moisture present in 
the air to be ascertained either by an arithmetical 
calculation, or by a reference to tables prepaired 
for the purpose. The diy and wet bulb hygrometer 
is represented in Fig. 6. 



Fig. 6.--The ^ and 
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ing the Moisture of 
the Air. 
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THE STORT OF A YOLCANO AS TOLD IN HISTORY. 

By Professor T. G. Bonnby, M.A.y F.R.S.) D.Sc., Pres, G.S. 


A S the train, bound from Rome to Naples, quits 
at Oaserta the glens of the Apennines, a lofty 
mass rises prominently in front of the blue line of 
hills stretching away to the south-east, and by its 
apparent isolation at once attracts the eye. Its 
summit is formed by a long serrate ridge, behind or 
on which a cumulus cloud seems to rest even on the 
clearest day. This is usually the traveller's first 
view of Vesuvius (Fig. 2); an important one, since 
it presents the mountain in what we may call an 
historic aspect— in the form which it bore when 


Horace was a saunterer in ‘‘easy-going Naples, 
and when Virgil sang the praises of “charming 
Parthenope.” 

The modem cone (for, compared with the old 
crater-ring of Somma, this is a thing of yesterday) 
is concealed from this point of view ; and it is not 
till after some little time that a tooth on the right 
seems to detach itself from the rest of the ridge. 
This, as we proceed, gradually rises into greater 
prominence, and the mountain assumes the form 
rendered familiar to us by pictures exhibited every- 
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where — ^from the tops of work-boxes to the walls of 
academies — oS a rather tnmoote cone, rising from a 
gentl 7 sloping base, and half indomd on the left or 
northern side by a ring of broken crags (Fig. 1). 

For miles the shore at the foot of Yesavius is 
fringed with houses, whose white walls glitter in 
the Italian sun; village linking on to village, 
to form a gigantic arm to Naples. The lower 
slopes of the mountain are densely dad with the 


vine and the olive, the citron and the orange, yet 
this vesture of verdure is stained by sombre blots, 
which once were molten rock ; the cone itself is a 
vast pile of dark ashes ; and on these sunny villages 
the tire from heaven has more than once fallen 
hardly less fiercely than on the cities of another 
plain. 

This, then, is the story of the volcano, as it has 
been gathered from the records of the past by more 
than one author. Till full three-quarters of the 
first century of the present era had elapsed, we 
read only of dim traditions of volcanic action. To 
picture the mountain as it appeared in the days of 
Yirgil, we must effiice the present cone, we must 
restore the cliffs of Somma to an unbroken ring ; 
and imagine, within their inclosure, a wide amphi- 
theatre overgrown with trees and brushwood and 
wild vine. Once, indeed (73 b.c.), it served as a 
camp of refuge to a band of gladiators, who had 
escaped thither from the schools of Campania. 
Here they were for a time blockaded by Boman 
troops, but they scaled the cliffs by making ladders 
from the wild vines, defeated their foes by an attack 
in the rear, and so began the Servile War. 

So Vesuvius remained, through all the days of 
which history has preserved a record till A.D. 79, a 
wide, circular, and perhaps rather shallow crater. 


overgrown with verdure, not unlike to, though 
loftier far than Astroni, in the neighbouring 
Phlegrtean fields, which is now used as a royal 
game-preserve. The shores of the bay were studded 
with villages, as now, from Farthenope to Stable,* 
probably not less numerous, certainly mcne opu- 
lent. We know Campania as it is, after centuries 
of misgovemment ; then it was Ihe “ South Coast ” 
in the palmiest days of Borne'; and men took their 

pleasure with little stint 
on the slopes beloved, as 
the poets say, by the god 
of wine and the goddess 
of love. 

The first interruption 
to the serenity of their 
life — to which a parallel 
may be found in the 
magic story oS the 
“Water Babies” — was 
a violent earthquake in 
the year 63 a.d. For 
sixteen years these sub- 
terranean warnings were 
continued at intervals. 
Then came the cata- 
strophe, many details of which are preserved for 
us in a letter from the younger Pliny, who^ 
at the time, was residing with his unde, the 
commander of the Boman fleet at Misenum, on 
the western shore of the Bay of Naples. Thus 
he tells the story f; — “On the 24th of August, 
about one in the afternoon, my mother desired 
him to observe a cloud which appeared of a very 
unusual size and shape. ... It was not at 
that distance discernible from what mountain this 
cloud issued, but it was found afterwards to ascend 
from Mount Yesuviua I cannot give a more 
exact description of its figure than by resembling it 
to that of a pine tree, for it shot up to a great height 
in the form of a trunk, which extended itself at 
the top into a sort of branches. It appeared 
sometimes bright and sometimes dark and spotted, 
as it was more or less impregnated with cinders.” 
The old man, as he goes on to narrate, shortly after 
embarked for Besina, to render what hdp he could 
to the inhabitants of the towns along the coast. On 
approaching this, “ the cinders, which grew thicker 
and hotter the nearer he approached, fell into the 
ship, together with pumice-stone and black pieces 
of burning rock, ^ey were likewise in danger, 

* Modem, Naples to Oastellamare. 
t Uelmoth’s Pliny, quoted by Phillips, “ 'Vesuvius,” p. 18. 











Fig. 2.— Ontliiie of VesuTius, from Railway near Caaerta, showing the Crest of Somma and probable 
Form of the Mountain previous to a.d. 79. (a) Comer of Cone just coming into View, 
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not only of beiog aground by the sudden retreat 
of the sea, but also from the vast fragments which 
rolled down from the mountain.” Accordingly, 
he changed his course a little, and landed at Stabi» 
(now CasteUamare), at a rather greater distance 
from the mountain. Though his friends there were 
in the utmost alarm, he took a bath and supped 
with calmness, and afterwards slept, until he was 
awakened because of the court of his apartment 
being now almost 
filled with stones 
and ashes ; if he had 
continued there any 
time longer it would 
have been impossible 
for him to have made 
his way out.” After 
consultation, it was 
decided to abandon 
the house and make 
for the shore. They 
set forth, having tied 
pillows upon their heads with napkins, to protect 
them from the storm of falling stones. <^lt was 
now day everywhere else, but there a greater 
darkness prevailed than in the most obscure night.” 
The sea ran so high that it was unsafe to embark, 
and shortly after, the old man fell down dead, 
apparently sufifocated by some noxious vapour, 
which proved fatal to him, as he had long suflfered 
from a difficulty of breathing. During this night 
earthquake shocks had been almost incessant 
at Misenum; and at last the relations whom 
he had left there quitted the house for the open 
countiy. On arriving in this, the chariots in 
which they rode “were agitated back and forward, 
so that we could not keep them steady. The sea 
seemed to roll back upon itself. On the other side, 
a black and dreadful cloud, bursting with an 
igneous serpentine vapour, darted out a long train 
of fire, resembling fihshes of lightning, but much 
larger. . , , Soon afterwards, the cloud seemed 
to descend and cover the whole ocean, and the 
promontory of Misenum. . . . The ashes now 

began to fall upon us, though in no great quantity. 
I turned my head, and observed behind us a thick 
smoke which came rolling after us like a torrent ; 
darkness overspread us like that of a room when it 
is shut up and all the lights extinct.” Over all 
the land, fix)m Sorrento to Capo di Miseno, the two 
horns of the Bay of Naples, this terrible hailstorm 
fell, till at last, when the sun shone dimly out, 
the ground was white with ashes as with fresh 


snow; and in the place of Herculaneum, Pompeii, 
Stabile, were wastes of volcanic scoria. 

No lava appears to have been discharged during 
this eruption, or, at any rate, to have aided in 
destrojdng the towns, Herculaneum is chiefly over- 
whelmed with a volcanic mud, formed of the finer 
ashes mingled with water — ^a material not unfre- 
quently ejected from volcanic craters during erup- 
tion — which has now become hard and stony. 


Pompeii iSiburied beneath light loose ashes. Sub- 
sequent eruptions may possibly have somewhat 
augmented these coverings ; but at the present time 
they are in places full eighty feet deep over the 
former, and twenty feet over the latter. 

At the close of this eruption, the aspect of Ve- 
suvius must have been completely changed. About, 
one-half the wall of the crater was probably blown 
completely away, leaving only the northern part — 
that now called Monte Somma— still standing (Fig. 
3). A new crater was doubtless formed within tho 
old boundary ; but its cone, so far as we know, was 
of no great height. Eruptions occurred after this, at 
intervals, for some thousand years ; but about the 
middle of the twelfth century, a period of almost 
unbroken repose commenced, which lasted for five 
centuries. It is not easy to form an accurate 
idea of the appearance of the mountain during this 
period ; but probably a large, though not lofty cOne 
existed just within the imperfect ring of Somma,. 
whose summit it overtopj>ed by about one hundred 
and sixty feet. The circumference of the rim 
was about two thousand yards ; the interior deep 
and level, with three pools, fed by hot mineral 
springs. Vegetation had again overspread the 
bare rocks, as it had done previous to the outbreak 
of 79. 

But in the year 1631 there was another awaken- 
ing, haixlly less terrible than the former. Again 
the surrounding region was shaken by earthquakes. 
A deep, continuous subterranean rumbling- 
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cpmmon phenomenon in Toloanic eruptions — was 
heard, till at last the fatal morning of Tuesday, De- 
cember 16, dawned. Then the gre&t pine-tree of dust 
and vapour — ^the volcano’s black flag — once more 
^rose up into the sky. Again the vapours spread, 
the lightning flashed, and the hail of scoria l^gan. 
Great splashes of molten lava were launched into 
the air, and red-hot blocks fell thick about the 
mountain. About eleven o’clock, a fissure opened 
out at the base of the cone, from which fresh 
diowers of missiles wei'e discharged, and a stream 
of lava began to flow. The people of Resina fled ; 
but those of Torre del Greco lingered till the 
next day, when the lava burst forth with renewed 
violence, so that the whole mountain seemed to be 
melting.” They were quitting the town in a kind 
of procession, when suddenly a strange noise was 
heal'd, a torrent of . molten lava debouched from 
a side street, and poured down upon the crowd. 


It parted ; those in front escaped with difficulty ; 
the rest found at once death and cremation beneath 
the fieiy stream. 

When at last the eruption ceased, the cone had 
lost about a hundred and eighty yards in height, 
and had increased from two thousand to more than 
five thousand in circumference (Fig. 4). The fertile 
plain of Campania was a desolate waste covered 
with acrid ashes. Such had been the violence of 
the explosion that these lay twelve palms deep 
at Ariano, six-and-thirty miles away j and stones 
of considerable size had been projected, it is 
said, to distances of more than sixteen leagues. 
Torrents of mud had injured the lands on the 
northern slopes of Somma, not much less than 
those of lava had devastated the southern slopes 
of Vesuvius. There, two great lava streams had 
been emitted — one, parting into several branches, 
had ravaged the country from Portici to Torre 
del Greco; the other the lands near Torre dell’ 
Annunziata. Both had reached the sea in three 
or four plaoea Of the last town, only about 
twenty houses remained. Parts of Resina and 
Torre del Greco were destroyed, and probably 
about two thousand persons perished. 


From this time, Vesuvius has seldom been at 
rest for many years together. Violent eruptions 
occurred, with the usual phenomena, and the form 
of the central cone was frequently changed. In the 
early part of 1751, the mountain was capped by an 
inner cone and crater, built up in and overtopping 
the rim of a lower crater. This was utterly de- 
stroyed in the eruption which took place in the 
month of October; afterwards,. there remained a 
crater i*ather more than a mile in circumference, 
and only 120 feet deep. Successive eruptions seem 
to have again built up the cone, and in 1779, there 
was an eruption hardly less violent than that which 
had occurred just seventeen centuries before. Sir 
W. Hamilton, who has left a most minute descrip- 
tion of this eruption, tells us that the volcano shot 
up a column of molten matter, like a fountain of 
liquid transparent fire,” to a height of full ten 
thousand feet. This was swayed by the wind 
towards Ottajano, and covered, in its 
fall, the whole cone with a body of fire 
two miles broad. This town, on the 
northern slope of Somma, and three 
miles away from the crater, well-nigh 
met with the fate of Pompeii; the ashes 
lying in the streets as much as four 
feet deep. In 1794, there was an erup- 
tion hardly less violent, as the lava 
flowed through Torre del Greco to the sea. In 
1822, the greater part of the central cone was en- 
gulfed, and its rim, instead of rising above the edge 
of Monte Somma, stood from three to four hundred 
feet below it. Since that time it has again been 
built up, and at present is about 4,250 feet above 
the sea, and nearly 500 above the highest part of 
Somma, and about 1,700 above the Atrio del 
Cavallo. The annexed diagram (Fig. 5) represents 
its outline in 1876, and a comparison with the 
previous one, and of both with that near the begin- 
ning of this article, will give some idea of its 
changes in form. The last of these (Fig. 2) probably 
represents the mountain much as it appeared pre- 
vious to A.D. 79 ; Fig. 4, its form after the eruption 
of 1631, and again after that of 1822. 

Such is the story of Vesuvius, one which may 
stand as a type for that of many volcanoes, illus- 
trating the mode in which they are formed. Once 
it was thought that comparatively little of a, crater 
was constructed of the piled-up scoria and lava 
driblets ejected from its orifice, but that when tliis 
opened, strata previously horizontal were elevated 
in a conical form around it, by the upward pressure 
of gases and lava stniggling to escape. Now it is 



Fig. 4.-^iumnit of VmutIiu aixmt 1650. (Sketched from a Picture of the devolu- 
tion in Naplee in 1647. The Part indicated between dotted Lines is covered by 
a Chimney in the Picture.) (a) Cone j (b) Somma. 
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held tliat such elevation takes place to but a slight 
d^ree, if at all, and that the greater part of a 
volcano is composed of the materials which it has 
vomited fortL In the story of the cone of Vesuvius 
—built up from the floor of Somma to a height of 
full five hundred yards, and more than once almost 


VnlfH of ashes are regularly arranged or have a 
uniform slope, but present the same charaoteristiCH 
as those in the modem cona We see that the flows 
of lava have not spread themselves out on level 
ground and then been tilted up, but have run irre- 
gularly, in driblets and daikery streams, as if they 



wholly destroyed, and reconstructed — ^we see what 
the volcanic forces are competent to perform ; and 
when, after examining the structure of the cone, 
with its driblets and dykes of lava and its irregular 
layers of scoria, we wander below the crags of 
Somma to the Atrio del Cavallo, or seek the 
ravines which tlve rills of rain-water have worn in 
its flanks we notice that neither the lav-a-beds nor 


had solidified on a slope, and that both they and 
the beds of scoria quickly change their character 
when traced horizontally. 

Thus, in the liistory of Vesuvius — ^which is con- 
firmed by that of every other volcanic mountain 
which has been carefully studied— we find evident 
to show, beyond reasonable doubt, that a volcanic 
mountain is its own architect. 


CAN SCIENCE CONQUER RUST? 

By F. S. Bahff, M.A., Christ’s College, Cambridge. 


And is not this an honourable spoil ? 


A gallant prize P '* • 

TTeatmorfllond.— In faith, 

It is a conquest for a prince to boast of.** 

First Part of King Henry IF., Act t., Sc. 1. 

I T has been seen in a former article (pp. 41 — 47) 
that the action of rust is so destructive to iron, 
from the nature of the chemical process on which it 
depends, that a method for its prevention is much 

79 


to be desired, and it will, therefore, be not iinintei 
esting to discuss this important question. 

A few words will be suflBcient on the oldest, 
perhaps, of all methods of protecting iron— 
viz., painting. Paint is made of some solid sub- 
stance, generally the oxide or carbonate of a metal, 
mixed with oil and turpentine, with oil alone, or 
with some kind of varnish, which varnish is 
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composed of a gum-resin, oil, and turpentine. Other 
paints than these have been recommended and 
used, but they are specialties, some of known, 
othera of secret composition. When an oil paint 
is used, its protective action depends upon the 
hardness which it acquires, and on its power of 
adhering to the surface of the iron. If a paint 
could be made which would always adhere firmly 
and have sufficient hardness, nothing more could 
be required, because it would always preserve the 
surface of the metal from the action of atmospheric 
oxygen ; but it has been found that no paint has 
ever been able to effect this object, as the oil at 
first becomes hard by oxidation, and afterwards is 
slowly destroyed by the same oxygen which gave 
it a temporary protecting power. Again, cei‘tain 
metallic oxides mixed with the oil have an injiu’ious 
action on the iron itself, whereas some seem to 
exeii}, for a time, a preservative influence. Well- 
made varnishes harden almost immediately after 
application, but they in time disintegi’ate, and allow 
the pigments mixed with them to crumble off. It 
is not to any organic substance, such as oil or gum- 
resin, that we must look for arresting rust on the 
surface of iron, as all organic substances decay 
when exposed to the action of moisture in conjunc- 
tion with oxygen. If only a temporary protection 
for iron be required, paint will answer fairly well, 
but as a permanent preventi\’e of rusting it is 
simply useless. Ceiiain compounds are advertised 
and sold which are stated to protect iron eflectually. 
Now, if such substances contain organic matters, 
although they be mixed with silicates or other 
mineral substances, which may increase their ix)wer 
of resisting decay for a time, still, sooner or later, 
the same process of disintegration will destroy the 
ix)vrer of cohesion among their particles, and so 
cause them to fall off from the surfaces to which 
they have been applied. It is to something more 
enduring than paint that we must look for effecting 
che important object into which we are inquiring, 
for nothing short of a mineral substance can possibly 
prevent iron from rusting, and a mineral substance, 
too, which, whether elementary or compound, is 
able itself to stand against the action of those 
agents to which the iron can be exposed. 

It will be remembered by those who have read the 
article on ‘‘ Rust ” that it was stated that zinc, when 
covered with a film of white oxide, if exposed once 
to moist air, did not further oxidise, and therefore 
remained unchanged. On account of its possessing 
that pro^ierty, it has been used for the protection 
of iron. The process in which it is employed is 


termed galvanising ; but. before describing it, it win 
be well to consider the veiy interesting chemical 
principles on which it is based. Some metals are 
what is called chemically more powerful tlian 
othei's, and therefore aie able to displace them 
from and replace them in certain compounds. A 
very good illustration of this is afforded by the 
lead-tree. If some acetate of lead be dissolved in 
distilled water and be left to stand, should it be at 
all turbid, till it gets clear, and be then poured 
carefully into a white physic-bottle, and if a small 
piece of zinc be susi^ended by a Btidng attached to 
the cork used for stopping the bottle, and the zinc 
be allowed to hang in the solution of acetate of 
lead, very soon beautiful arborescent crystals of 
metallic lead will adhere to the zinc, and in time 
the bottle will be filled with what is called a lead- 
ti-ee, always supposing that sufficient acetate of 
lead has been dissolved in the distilled water. In 
this case we have in solution acetate of lead and 
solid zinc. Zinc is chemically more powerful than 
lead, and causes the lead to be deposited in the 
metallic state, or throws it out, so to speak; but 
the zinc is dissolved up, and takes the place of the 
lead — that is, becomes acetate of zinc. If sixty-five 
grains of zinc be hung in a solution containing 
three hundred and seventy-nine grains of acetate ot 
lead, all the lead would be deposited as metal, and 
all the zinc would be dissolved up as acetate, so 
that no metal but zinc would be found in solution 
by chemical tests. Again, if the bright blade 
of a knife, or any iron or steel articles, were 
placed in a solution of sulphate of copper, they 
would immediately be coated with copper. Part 
of the iron being dissolved up would take the 
place of the copper deposited, and become sulphate 
of iron. For every 63*5 parts by weight of copj^er 
deix)sited, 56 of iron would be dissolved up, and 
this would take place because iron is chemically 
more active than copper. In scientific language, 
iron is said to be electro-positive to copper ; zinc is 
electro-positive to iron — that is, it has greater 
chemical activity. If a plate of iron about an 
inch and a half wide and three inches long be 
placed in a glass containing water acidulated widi 
oil of vitriol, bubbles will be seen to fonn on its 
surface and ascend through the water. These 
bubbles are formed by hydrogen gas, which is 
given off by the decomposition of the oil of vitriol; 
and if this action be allowed to go on long enough, 
all the iron will be dissolved, and, taking the place 
of the hydrogen set free from the oil of vitriol — 
or hydric-sulphate, as it is called by chemists — 
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will form iron sulphate. Now, suppose a copper 
Mrire to be fixed to one end of the piece of iron, 
and a piece of zinc similar in shape and size to 
the iron be fixed to the other end of the copper 
wire, and both pieces to be immersed in the dilute 
oil of vitriol, the bubbles of hydrogen will still be 
seen to come from the iron plate, but it will not be 
dissolved. The zinc plate will gradually disappear ; 
and until it is dissolved and converted into zinc 
sulphate, the iron will remain comparatively un- 
aflected. Some iron will be dissolved, but not much. 
The apparatus necessary to perform this experi- 
ment is very simple ; it is shown in the accompany- 
ing illustration (Fig. 1). From this it api>ears 

that in the pre- 
sence of dilute 
acid the zinc, at 
its own exj^ense, 
protects the iron, 
and it protects it 
in this way : it is 
chemically more 
powerful than the 
iron, and therefore 
is oxidised and 
dissolved by the 
oil of vitriol before 
the iron is affected. 

the solution of oil 
of vitriol, within certain limits, the more rapid will 
be the action ; and, of course, the weaker the solution, 
the slower will be the action. It is known that in 
the air there are substances which produce a similar 
effect on these metals. We have already seen in the 
article on Rust that air and moisture produce 
it on iron, and that they also produce it on zinc. 
Now, when these metals are united, as they are in 
the galvanising process, these destructive agents 
attack the zinc first, as in the experiment described, 
and the iron is protected by the zinc as long as it 
lasts. Tliis, though theoretically, is not practically 
the case to the full extent. It is tnie that the zinc 
does for a time protect the iron in this way, but 
when parts of the iron get laid bare they rust, 
although a large quantity of zinc remains in contact 
with the iron. Wken oxidation of the iron does 
commence in galvanised iron, its progress is rapid, 
,as it extends under the surface of the zinc coating 
and throw^s it off, thei’eby exposing more iron 
surface to the rusting action ; and as it is seldom 
thought necessary to paint galvanised iron, the 
process of decay usually goes on unchecked. 


Coating iron with tin, or ‘‘tinning,” is another 
method supposed to be used for its protection. If 
the ex|)eriment already described be again performed 
— with this difference, that a piece of tin be sub- 
stituted for the zinc plate — it will be found that 
the iron will be first dissolved and the tin w’ill 
remain. The tin used should be grained tin, 
not tin plate, for tin plate is only iron coated with 
tin ; but even with tin plate the action may be 
illustrated, for if the tin be removed from the 
surface of the plate in places, and if it be placed 
in dilute oil of vitriol, the iron will be dissolved 
out and the tin will be left. Here the tin affords 
no protection to the iron in the same way that 
zinc does ; it only j^rotects it against the action of 
substances which affect iron, but do not readily 
affect tin, by keeping it covered up. Whenever 
the tin in places gets removed, the iron exposed to 
the action of destmctive influences goes first, and 
more rapidly because it is tinned. Tinned iron 
is never used for outside work ; it is mainly em- 
ployed for articles of domestic use, and particularly 
for saucepahis, in which substances are placed, often 
of acid character, which would directly attack iron, 
but have little or no effect on tin. Cast-iron sauce- 
pans and wrought-ii’on stewpans are tinned inside 
only, and this for the same purpose. From what 
has been said it will be seen that neither tinning 
nor galvanising can afford a j)ennanent protection 
to iron against inist. 

For purposes in which durability is required, it 
is manifestly important that iron should not be 
brought into contact with other metals when it is to 
be exposed to the action of air and moisture, for it 
will suffer by the contactr If we examine the old 
iron railings placed round the gai dens in some of 
the squares in London, we shall find that they have 
decayed away close to the stone in which they are 
imbedded. Sometimes for three or four inches 
they taper downwards, and become very thin where 
they meet the stone ; but the fastening which holds 
them in their sockets will be found to be i>erfect. 
Now, this fastening is lead, and iron is electro- 
positive to lead, and therefore the lead has caused 
the destniction of the iron. Tliat this is the case 
may be proved by substituting lead for tin in the 
experiment before described. 

Enamelling is another process which has been 
applied to iron to preserve it from rust. Enamels 
are glazes of various degrees of fusibility, and are 
composed of silica, or sand, an alkali, and one or 
more metallic oxides, according to the quantity of 
alkali used and the natui'e of the metallic oxides ; 
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the enamel is made more or less fusible. Borate of 
lead is often used to increase the fusibility of 
enamel) and sometimes in place of silicate. In apply- 
ing the enamel it is reduced to a fine powder, and 
floated or painted on to the iron surface, which is 
then raised in a closed muffle to a sufficiently high 
temperature to melt the enamel, which, when cold, 
adheres to the surface of the iron. Saucepans 
and various articles of domestic use are treated in 
this manner, and signs, advertisement plates, &c., 
of enamelled iiK)n are largely used. For many pur- 
poses the process answers exceedingly well, but 
where there is any wear, as in the case of sauce- 
{lans, the enamel in time comes off, and then the 
exposed surface of the iron rusts, and the rust, 
extending beneath the enamel, throws it off, so that 


which is found in the form of sand on the sea-shore 
in New Zealand, as stated in the article above 
alluded to. This black oxide of iron can be aiii- 
ficially produced in several ways ; by heating iron in 
air for instance. If a piece of bright iron be made 
red-hot in air, it becomes black ; and if the operation 
be repeated several times, the black surface will scale 
off if the iron be gently tapped. Black scales are 
seen in quantities round the anvil of the black- 
smith; these scales are not iron, but black oxide 
of iron. Again, if water be thrown ujx)n red-hot 
iron, on cooling a black coating will be formed 
on parts of its surface; and if the iron be ex- 
posed to air, it will rust only in places where the 
black coating has not been formed, and where it 
has been imperfectly formed loist will ap];>ear only 



Fig. 2 .— Apparatus for Frbparirq Htdrooxr Gas. 

»A) PlMk of Water boiled by Spirit Lamp; (B b ) Iron Tube, In which are placed Iron-Pllingi or other Iron Fragments: (c) Tnclosure of Fire-bricks ; (D D D) 
Bunsen Burners to heat ditto ; (k) Bottle invent^ in Trough of Water to receive Hydrogen from Tube F. 


the pi*otection it affords in such cases is but tem- 
porary: for, in whatever way the enamel is broken, 
the consequences just alluded to are sure to follow. 
If any oxide of lead be put into the enamel, which 
is sometimes done, it renders it unfit for articles 
used in cooking, or in the preservation of food, as 
acids act on the oxide of lead, and by dissolving it, 
cause it to mix with the food ; and lead taken into 
the system is a dangerous poison. Nor does it suit 
for water-pipes, as pure water (and even impure 
water), slowly dissolves oxide of lead. Enamelled 
articles often crack, through the unequal expansion 
and contraction of the enamel and the metal. 

I will now proceed to describe a method for the 
preservation of iron from corrosion, of which I 
have had several years' experience, and which does, 
I believe, completely effect the desired object. In 
the article on “ Rust" I mentioned an oxide of iron 
which is perfectly unchangeable under the influence 
of those agencies which produce ordinary red rust. 
The black or magnetic oxide of iron is not affected 
by moisture, atmospheric air, or sea-water, as is 
proved by the imaltered condition of that substance 


after a longer time ; this coating is also one of the 
black oxide. In preparing hydrogen gas in quan- 
tity, scraps of iron or iron-filings are sometimes 
placed in an iron tube and made red-hot ; steam is 
then passed into the tube, and hydrogen gas passes 
out at the end opposite to that at which the steam 
enters. This can be easily proved by experiment. 
The accompanying illustration (Fig. 2) shows 
the nature of the apparatus which should be em- 
ployed. The same experiment can be performed in 
a more simple way by those who have not chemical 
apparatus at hand. If a piece of iron gas-tube be 
bent so that the bent part can be put into an 
ordinary fire, if the bend be filled with small 
pieces of iron — ^garden nails broken will do very 
well (they must not be rusty) — if a cork be fitted 
tightly in one end of the tube, which should project 
some foot or more from the grate, and if into a 
hole in this cork a piece of glass tube be fitted quite 
tightly, and be then connected with the spout of a 
kettle by means of a piece of india-rubber tube, the 
steam will pass from the kettle through the iron 
tube and come in contact with the red-hot iron, by 


CAN SCIENCE CONQUER RUST? 


246 


which it will he decomposed, and the hydt^ogen of 
the steam will pass out at the other end of the bent 
gas-pipe. If a light be applied to it, if too much 
undeoomposed steam does not pass out with the 
hydrogen — andihis can be regulated by not letting 
the water in the kettle boil too violently — ^the 
hydrogen will take fire; or — what is perhaps 
a better plan — the hydrogen can be collected 
over water, as in the illustration ; the only thing 
necessary to be done is to put a similar cork 
and piece of glass tube into the other end of the 
bent pii)e, and to lead it by means of a piece of 
india-rubber tube into the vessel of water over which 
the hydrogen is to be collected. If in either case 
the iron placed in the tubes be examined, it will be 
found to have changed coloui* — it will be black ; if 
the iron, before it is exposed to the action of the 
steam, be made quite clean, this change will be more 
easily perceived. In these cases the oxygen of the 
steam has united with the iron, forming the black or 
magnetic oxide whose composition was given in the 
paper on ‘‘ Rust.” If the pieces of black iron be now 
exposed to moist air, and at the same time other 
pieces be also exposed which have not been submitted 
to the action of hot steam, they will be found not 
to rust nearly as quickly as the others, but in a 
short time they will rust ; so that the black oxide of 
iron does not protect iron from rusting unless it be 
made to adhere very closely to its surface, and this it 
never does when formed in the way above described. 

In order to explain this fully, it will be well to 
consider, first, the nature of steam. We are ac- 
customed to say that we see steam escaping 
from the mouth of a tea-kettle in which water 
is boiling briskly. Now this is not correct; we 
cannot see atsam^ because it is a transparent, 
colourless, and therefore invisible gas. If a 
small quantity of water — a drop or two — be placed 
in a clean glass flask, and if the flask be heated to 
a temi)erature of over 100° C., or 212° Fahr*, the 
water will be converted into steam, and nothing 
will be seen in the flask ; but if it be allowed to 
cool, a sort of mist will be seen inside it, for the 
steam will condense, and will be eventually, as the 
flask cools, deposited on it in small drops of water. 
When steam is heated beyond the temperature at 
which it is formed, it expands like any other gas, 
and is completely diy. If the hand be passed 
quickly through a stream of it issuing through a 
pipe it does not wet the hand, nor does it scald it ; 
whereas, if the hand be passed through what issues 
from a boiler or a kettle-mouth it is wetted and 
scalded. This is one way by which we test whether 


steam is dry or wet ; another is by looking to see 
if the vapour is at all visible ; if it is, the steam is 
not dry. In the article on “ Rust ” it was explained 
how air can hold water-vapour in suspension ; all 
gases can do the same, and steam amongst the 
number ; therefore we can have wet steam or diy 
steam. The steam used in steam-engines is wet 
steam, because it is generated in the presence of 
water, for the boiler always contains watei*, more 
than enough to generate steam required at the time, 
and when this escapes into the air it is immediately 
condensed, with the water-vapour which it holds in 
suspension; and what is seen is not steam, but water- 
vapour condensed into minute droi)s of water. Now, 
wet or moist au’ produces rust, or red oxide of iron, 
more rapidly in a warm than in a cold place, and 
as the temperature increases the action becomes moi*e 
rapid ; therefore, when iron which is very hot is kept 
for a short time in an atmosphere of moist steam, 
the red oxide or rust is found on its surface. I must 
now leave this part of my subject for a short time. 

If red oxide of iron be placed in a tube, and 
if it be ni^e hot, hydrogen gas passed through it 
will take away its oxygen, and i)ure metallic iron 
will be left in a state of very fine division. This ex- 
periment is 30 interesting that I will explain how 
it can be performed. The apparatus necessary 
somewhat resembles that which is used for the pro- 
duction of hydrogen by metallic iron. Instead of 
the vessel for generating steam, use one foi* evolv 
ing hydrogen, and in the long tube, which in this, 
case may be of glass — “ hard glass,” as it is called— 
place the iron-rust, or red oxide. If there is any 
difficulty in getting enough of this, dry Indian red, 
which can be bought at any ordinary paint-shop 
and is very cheap, will answer the purpose; for 
although it may not be all oxide of iron, being 
perhaps adulterated with other substances, yet there 
will be enough oxide for this experiment. Instead 
of the apparatus required to collect hydrogen de- 
scribed in the former experiment, it will be simply 
necessary to conduct the pipe at the extreme end of 
the tube into a small glass vessel — a large test-tube 
will do very well, and this test-tube should be jdaced 
in a vessel of cold water, so that tlie steam as it 
issues may be condensed. I will now describe the 
apparatus for generating and diying the hydrogen. 
First, take a bottle, as shown in the illustration 
(Fig, 3), through the cork of which is placed a tulip- 
shaped funnel a, called sometimes a thistle-funnel, 
the end of whose tube should dip beneath the fluid 
in the bottle; then a short bent delivery-tube h 
should be put just through the cork ; a second bottie 
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{or drying the gas, arranged as sliown, shotdd be 
connected by an india-rubber coupling -with the 
generating bottle ; and the tube conducting the gas 
into it should reach nearly to the bottom ; into tlvis 



Pig. 3.— ApT)aratus for generating and drying Hydrogen. 


bottle B sraall pieces of pumice-stone should be put, 
and these should be moistened with strong oil of 
vitriol, and a small quantity of oil of vitriol, to the 
depth of an inch, should cover the bottom of the 
inside of the bottle. It will be remem bei’ed that the 
tulip-shaped funnel was illustrated in the paper on 
Rust '' (Fig. 2, p. 42), and that tlie action of oil of 
vitriol in absorbing moisture was explained. Let 
the end of the pipe c be joined by an india-rubber 
connecting-tube with the small pipe inseilied in the 
end of the long hard glass tube containing the oxide 
of iron. Dilute some oil of vitriol with water, 
about one part to six or eight of water by measure, 
stir them well together with a glass rod, and 
leave the mixture to get cold ; then put into the 
bottle A some granulated zinc, or small pieces 
of sheet-zinc, and having corked it tightly up and 
made all the joints of the apparatus tight, pour 
in through the tuliji-funnel the cold mixture of 
water and oil of vitriol ; effervescence will take 
place, and hydrogen will be given off, which will 
be dried by the oil of vitriol in the bottle B ; it 
will then pass through tlie oxide of iron, and out 
at the end of the last delivery-tube. 

If any air were left in the l>ottles along with the 
hydrogen, an explosion would take place when the 
long tube containing the oxide of iron was heated. 
To avoid this, collect some of the hydrogen from the 
deliveiy-tube by holding it upright, with a test-tube 
inverted over it — i.e., with its mouth downw^ards. 
Still holding the test-tube in the same ]>osition, 
remove it carefully from the delivery-tube, and 
apply a light to its mouth. Should the gas light 
quietly, with only a slight sound, and if the hydro- 


gen bums quietly, all is safe, and you may light the 
gas-burners beneath the tube conWning the red 
oxide of iron j should, however, a shrill sound be pro- 
duced on application of a Light, wait a few minutes, 
and then repeat the experiment, for the shrill sound 
bespeaks the mixture of air with the hydrogen, and 
proves that it is not safe to heat the tube. In this' 
experiment, whero so high a temperature is not 
required, two burnero, called Bunsen burners, which 
can be bought for a few shillings, will answer the 
pui'pose for heating the oxide of iron instead of 
a gas furnace, such as is shown in Fig. 2. 

In this experiment, the oxide of iron will be re- 
duced — that is, its oxygen will be taken away, and 
metallic ii’on will be left ; now suppose this iron 
were immediately transferred to the tube shown in 
apparatus (Fig. 2), and if it were heated, and if steam 
wero passed over it, it would be conveiiied into the 
black or magnetic oxide. Now let us consider 
Avhat v^ould take place in a hot chamber if iron 
were submitted to the action of wet steam : red 
oxide would at first be produced on its surface, and 
hydrogen would be set free in abimdance ; this 
hydrogen, at the temperature, would reduce the 
red oxide formed, and leave it as metallic iron in 
tine division on the surface of the iron being acted 
upon, and this iron, as the steam got diy from its 
being heated to a higher temjierature in the 
chaml)er, would be converted into black magnetic 
oxid(*, but its particles would be loose on the 
surface of the iron. And then the process would 
go on, and the whole surface of the iron would be 
converted into black oxide, which would hold down 
these small particles, but which would not bind 
them fast together and to the surface of the mass 
of iron, and therefore there would not be i^erfect 
coherence between the particles of the coating, nor 
would it adhero firmly to the surface of the iron. 
But, as we have seen, a perfectly hard and adherent 
coating only can i^ermanently protect the iron, so 
that this would not do it, for on exposure to friction 
it would rub off in places, and the iron, under the 
influence of moisture and air, would rust. 

In the earlier experiments to make the black 
oxide form a peraianent protection for iron against 
rust, this difficulty was encountered, and for a long 
time it seemed impossible to get over it, until its 
cause was discovered, and then the romedy became 
simple, though it took a long time to find out bow 
best to apply that remedy. It may be interesting 
to explain how the cause was discovered. A piece of 
iron, after a short exposure to the wet steam, was 
accidentally taken out of the hot chamber, and 


CAN SCIENCE CONQUER RUST? 


247 


found to have patches of red oxide upon it— or 
rather, brown oxide, for it was in proc^ of reduc- 
tion to the metallic state. An examination at once 
set the operator a-thinking why this should be, and 
he was led to a conclusion which was subsequently 
confirmed by repeated experiments to be a right 
one. And here let me remark that no training 
that I know of is equal to the study of chemistry, 
practically carried out, for sharpening the powers 
of observation first, and of reasoning upon the 
facts observed. To remedy this defect in ren- 
dering the coating of black oxide adherent to 
the iron, recourse was had to super-heated steam 
with complete success. The steam was generated 
in a flask, and was then passed through a coil of 
pipe, placed in the furnace, which became red-hot ; 
the steam in its passage through the coil became 
drj’ — that is, all vapour of water taken up by 
it in the genemting flask was converted into true 
steam, or water-gas, and this, at a high temperature, 
came in contact with the iron to be acted upon, 
which was placed in another chamber connected 
with the red-hot coil of pipe. The iron oxidised in 
this way was found to be covered with a film which 
adhered closely to it, and which could be removed 
only with great dilficulty ; on exposure to water 
and moist air it did not rust, and thus the problem 
of rendering the black oxide of iron suitable for the 
protection of iron against rust was solved. The 
apparatus used in these experiments was not suited 
for application to oxidising larger pieces of iron ; 
and it may be interesting, as the process is quite 
new, to show the various forms of apparatus wliich 
have been used during the progress of this invention 
to bring it to such a condition as would render it 
useful in commercial undertakings. 

Our illustmtion (Fig. 4) shows the form of the 
super-heater and oxidising chamber which was first 
used. The super-heater was also the generator of 
the steam — the coil of pipe placed in an iron 
furnace answered this double office; when the 
fnraace was at work the pipe became red-hot, the 
lower end of the coil was connected with a cistern 
placed about thirty-four feet above it, and water 
under this pressure was allowed to enter the hot 
coil. The water which first came in contact with 
the red-hot iron was converted into steam, and 
this, with the water pressure behind it, was foi^ced 
through the red-hot coil, and became super-heated ; 
the place of this steam, as it escaped, was taken by 
other steam formed in a similar manner, so that 
the current of super-heated steam issuing from the 
othei* end of the coil waiJ continuous as long as the 


water-supply lasted; the issuing steam was allowed 
to escape into an iron chamber or muffle, which 
was heated by a fire beneath it, which played 
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Fi^. 4.->Form of Super^keater and Oxidising Ckamber wkidi wok 
first used. 

(A) Muffle or Ckamber, inclosed by Door ; (n) Test Tap ; (0) Steam Admiaaiou 
Tap; (u) Hydrogen Outlet Piin*. 

around find above it by means of flues placed in 
the brick-work in which it was set ; the muffle was 
closed by an iron door, in which there was a small 
tube fixed, through which excess of steam, and the 
hydrogen formed in the process, could escape. The 
liydi’ogen as it escaped was often ignited, and it 
burned with the characteristic non-luminous flame 
of hydrogen. 

After this apparatus had been used for some 
time, a very much larger one on the same principle 
was made, the muffle or oxidising chamber being 
still of iron. After a time, it was found that this 
kind of super-heater was not applicable to woi*k 
which had to l)e conducted on a commercial scale, 
for in coaling the fire which heated it the super- 
heating coil was often chilled, and thus wet steam 
was projected into the muffle ; this was injurious to 
the coating, as has been explained. On several 
occasions the pressure of water was not sufficient, 
and air got into the muffle; this, too, interfered 
with the adherent properfies of the black oxide ; it 
was therefore found desirable to change the form of 
the super-heater, and to generate the steam in a 
sepai’ate boiler. This plan has been tried, and 
is found to answer very well. In order to 
prove the possibility of oxidising very large 
pieces of ii'on, the new chamber was built of fire- 
bricks, and as this has succeeded well, a chamber 
of any size so constructed, and which can l>e raised 
to a sufficiently high temperature, can be employed. 



84 $ 


SCIENCE FOB ALL 


troa chambers could not be made suffidently large, 
or rather, would be veiy expensive if made lai^ 
enough to oxidise very large articles. In Fig. 6 
is shown a convenient form of apparatus, and 
one very similar to that which has been in use for 
some time, a is the oxidising chamber, b the 


hydrogen escape by the pipe dd d. In conducting 
the process, the chamber a is heated by the fire 
beneath it, the heated air passing through flues 
built up its sides, which meet in an open space 
above the arch, and this space is again covered by 
another arch of brickwork which is in connection 
with a chimney about thirty feet high ; when the 
chamber a is at a temperature of about 600” Fahr., 
which is sufficient to prevent the condensation of 
the steam, the chamber is charged with the iron to 
be treated; it is then closed, and is allowed to 
artive again at the same temperature ; the super- 
heated steam is then turned in, it being at a tem- 
perature of 1,000® Fahr., or even higher; in a 



Fig. 5.— Apparatcs fob Oxzdxbzng Iron. 


(A) OhaiHbpr, or Miimc,ln wLich the Iron Articles are placed; <B) Boiler; (o) Super-heater 
intoOhaiuber l>y Pipe c; {dddd) the Pipe to allow of the Ulcerated Hydrogen eseaj 
assists t he Oombustlon of the FaeL (The one Fire heats the Sai>er-beater and the Bof 


•-a Coil of Pipe supplied with Stej 
^in^g, and wbicsh is conducted into 


Steam from b by Pipe 6, and l „ 

the Ash-hole under the Fire* and 


boiler, c the super-heater, and b the tube which 
conducts the steam from the boiler through the 
super-heater. The steam need be under no greater 
pressure than ten ])ounda The super-heater coil 
contains a1>out forty feet of inch iron pipe ; it is 
protected by fire-tiles at the sides and by fire-clay 
above, so that the iron may not be exposed to the 
direct action of the fiames, which would cause its 
somewhat rapid destruction. The super-heated 
steam passes through the pij^e c into the oxidis- 
ing chamber A, and the excess of steam and 


short time it makes the iron articles in the chamber 
red-hot, and coats them with the black oxide. The 
time during which the process is continued differs 
according to the bulk of the articles to bo oxidised : 
from five to ten hours is about the limit. The 
operation, after a little experience, can be carried 
on with certainty. This process is applicable to 
almost every sort of article ; and the results of ex- 
periments carried out by competent people, extend- 
ing over a space of upwards of two years, ishow 
that iron, properly treated, does not rust even 
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when exposed to yery severe tests, such as the 
action of sea-water, add vapours in laboratories, 
and other agencies, which in a few hours rust 


unprotected iron. Pipes which have been buried 
in the earth for a long time have been found to be 
perfectly free from rust when examined 


HOW THE AIRS WERE DISCOVERED. 

By William Ackroyd, F.I.C. 


gaseous state of matter is one of extreme 
JL interest. It is believed to be the present 
condition of many of the stars; it may have 
been the first condition of the earth;* and now 
that the latter has cooled down to a solid habit- 
able globe, it is still invested by a gaseous en- 
velope (the air), and has very many kinds of gases 
issuing from its vent-holes (the volcanoes). In the 
present paper we propose to add a little more to 
what the reader already knows about these gases, 
and only a little ; for to give a full account of all 
that is known would require very much more space 
than that allotted to us. 

Rather more than a century ago, nothing much 
was known about these gases, or airs as they were 
termed ; but soon was found out one of their most 
remarkable qualities — Holuhility in liquids. To gain 
clear notions, watch for a moment a very familiar 
operation. A lump of sugar is put into a cup of 
tea. Soon it disappears : it has been dissolved. 
We accordingly say that sugar is soluble in tea, 
and it furnishes us with an example of a solid 
dissolving in a liquid. Instead of sugar, we might 
have put in treacle, which likewise would have soon 
disappeared, giving us an example of a liquid dis- 
solving in a liquid. We shall now give some ex- 
amples wherein gases disappear upon coming in 
contact with the surface of water, showing their 
solubility in this liquid. 

Ammonia gas is one of the most remarkable on 
this account, for as soon as ever it is brought into 
contact with water it disappears, because the water 
absorbs or dissolves it so readily. The spirits of 
hartshorn sold by druggists is a solution of this 
gas, and the ammonia may be driven from the 
hartshorn in the following way. Let the spirit 
of hartshorn be placed in the fiask a, in the neck 
of which a tightly-fitting cork is placed, with a 
delivery-tube h passing through the cork at one 
end, and dipping into the trough e at the other. 
The flask a rests on wire gauze, and under it is 
placed a Bunsen burner. The trough e contains 
* '^Science for AU,” Vol n., p. 116. 
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mercury or quicksilver, and the vessel c rf, with 
its open mouth downwards, is full of it As the 
flask a is heated, ammonia gas passes down the 
delivery-tube 6, and if the end of the tube dips 



under the vessel c d, the latter will soon be filled 
with ammonia gas. We shall explain this method 
of catching gases more minutely a little farther on. 
Next remove the end of the delivery-tube from the 
trough e, and then take away the Bunsen burner. 

Now that the jar c cf is full of ammonia gas, 
some of its properties are very evident to us. We 
see that it is transparent and colourless. Stray 
bubbles of it have made us aware of its peculiar 
and pungent smell ; but the property which we 
wish to impress upon the reader can only be ren- 
dered evident by another simple experiment. Place 
a plate of glass over the mouth of the jar c d, and 
now remove the jar and its contents to a basin of 
water, placing it in precisely the same position in 
the basin that it occupied in the mercury trough — 
i.6., with the mouth downwards and the end c up- 
wards. This being done, remove the plate of glass 
from the mouth of the jar, and so allow the ammonia 
gas to come in contact with the water. In far less 
time than one takes to tell it, the water has rushed 
up into the jar. So soon as ever the ammonia gas 
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was exposed to the surface of the water, the latter 
dissolved it eagerly, the gas disappeared, and ex- 
ternal pressure forced the water up into the jar to 
supply its place. 

Gases, then, are soluble in water, but exact ex- 
periment has shown that they dissolve in widely 
different degreea We have some accurate data 
on this subject given by the German chemist 
Bunsen. He has shown, for example, that a 
pint of water will dissolve 1,180 pints of ammo- 
nia gas at the temj^erature of melting ice (0° C,).* 
The following table shows how many pints of each 
of the gases named are dissolved by one pint of 
water at this particular temperature. 


Modem Nome. 


Ammonia .... 
Hydrochloric acid . 
Sulphurous anhydride 
Sulphuretted hydrogen 
Carbonic acid or an- \ 
hydride , . . j 

Hydrogen .... 
Nitrogen .... 

Oxygen 


Ancient Name. 

j 

Number of 
Pints dis- 
solved at 
0® C. by 1 
Pint of 
Water. 

Alkaline air ... . 

1180 

Marine acid air . . . 

505 

Vitriolic acid air . . . 

53-9 

Stinking sulphureous air 

4-37 

Fixed air 

1-80 

Inflammable air . . . 

0*019 

Foul air 

0'020 

f Empyreal or dephlo- 1 

1 giflticated air . . J 

0*041 


Of all these gases, it will be seen that ammonia 
is by far the most soluble, and that hydrochloi’ic 
acid stands next in order. The spirits of salt of 
commei*ce is a solution of hydrochloric-acid gas in 
water, just as spirits of hartshorn is a solution of 
ammonia in water. If we were to place spiiits 
of salt into the fliisk a (Fig. 1) instead of the 
hartshorn, and then to heat with the Bunsen 
burner, we should obtain hydrochloric-acid ga^ in 
the jar c rf, as we before obtained ammonia. 

From the experiments with the ammonia we 
learn two broad facts: (1) that a gas is readily 
absorbed at a low temjDerature ; and (2) that some 
of this gas is again exj>elled at a higher temperature. 
This disengagement of gas when a solution of it is 
heated may be explained in the following way : — 
A liquid will not absorb so much gas at a high 
temperature as it will at a low one ; and as a 
matter of experiment we know that, although a 
pint of water will absorb 1,180 pints of ammonia 
at 0^ C., it will only absorb 444 pints at 40® C. If, 
then, we had a solution of ammonia (water, so to 

* 32® Fahreoheit. But among scientific men, Fahrenheit's 
scale IS used in no other countries except England, Russia, and 
the United States ; it is almost universally abandoned in favour 
of the Centigrade. 


BfeakjJilled with ammonia gas) at 0® C., and if we 
were now to heat it up to 40® C., roughly speaking 
Ihree-fifdis of the dissolved gas ought to given 
off, because of the decreased dissolving power of 
the water, owing to the rise of temperature. 

The amount of decrease of absorption has been 
ascertained for many gases. The first line of ac- 
companying figures shows how many pints of gas 
a pint of water absorbs at 0® C. ; the second line of 
figui'es shows how many pints bf the same gases are 
absorbed at 20® C. A decrease will be noticed in 
every case, save that of hydrogen. 



0 ® ; 1180 
20® 680 
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For a very long time no one knew that spirits of 
salt and spirits of barishorn were solutions of gases. 
It came to be found out in this wise, The cele- 
brated Heniy Cavendish, when experimenting on 
hydrogen, attempted to make this gas by acting 
on spirits of salt with copper. He obtained a 
gas which seemed to disappear as soon as it came 
in contact with water. Priestley repeated the ex- 
periment, and ascei’tained that the copper ])layed no 
part whatever in the phenomenon, and that a gas 
might be obtained readily by heating the spirits of 
salt alone in a flask, and catching the gas ov(t 
mercury, as in Fig. 1. The gas he obtained he 
called marine acid air; we now name it hydro- 
chloric acid. It seemed to Priestley that spirits 
of salt was nothing more nor less than a solution 
of this gas in water, and the experiment imme- 
diately suggested a new line of inquiry — Might 
there not be many liquids deriving their peculiar 
properties from some gas held in solution in this 
manner? Following out this idea, in one of his 
experiments he took spirits of hartshorn, heated it, 
and aiTanged matters so that if any gas came off it 
would be caught over mercury. His expectations 
were realised, and he obtained a gas which he named 
alkaline air ; we now call it ammonia. 

It was not, however, all plain sailing. Attempt- 
ing to get a gas from oil of vitriol (sulphuric acid), 
he heated that substance as usual, but to no effect, 
and, finally giving up the attempt, removed the 
candles he was heating the oil of vitriol with 
before he disconnected the apparatus with the 
vessel of quicksilver. Some of the mercury got 
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into the boiling-hot vitriol ; there was a smash of 
glasSi and a portion of the hot vitriol was projected 
on to his hand; scalding him terribly ; but in the 
midst of this disaster he had made a discovery, 
for the air was filled with a suffocating odour of 
burning brimstone, probably due to some new gas. 
Priestley, nothing daunted, and all bandaged up, 
proceeded the very next day to ascertain its cause. 
He put a little mercury into oil of vitriol, heated 
it, and caught over mercury a copious supply of 
a new gas, then christened vitriolic-acid air, now 
knowii as sulphurous anhydride. Columbus, in 
searching for India, found America ; Priestley, 
in looking for a gas from sulphuric acid, obtained 
this Bulpliurous anhydride. Such discoveries have 
been called pieces -of luck ; it is, however, luck pro- 
cured by indomitable industry and perseverance. 

Sulphurous anhydride is very soluble in water, 
standing next in order to hydrochloric acid. It 
is produced when one bums brimstone, the suffo- 
cating smell being due to it, and it is quite irre- 
spirable. At a low temperature (17*8° C.) — not so 
cold, though, as some of the Arctic winters — it is 
condensed into a colourless liquid, just as steam 
at a very much higher temperature is condensed 
into w^ater. It soon takes the colour out of a piece 
of paper dyed blue with litmus, and because of this 
property it is used largely for bleaching, especially 
for bleaching woollen goods. 

In so simple a manner did Priestley discover 
these three gases i and a word here about the 
man and his method of working will be instruct- 
ive. He was born at Fieldhead, not far from 
Leeds, in the year 1733, and in after years he 
commenced at the latter place his chemical re- 
searches. His first experiments of this kind were 
on carbonic acid — a substance generated in large 
quantity in the vats of a neighbouring brewery;* 
and to this place he went for his supplies of it. 
Untrained in chemical operations, he had, for lack 
of money, to make his own apparatus, and one can 
well imagine what crude devices he would attempt, 
and what difficulty, as a reading man, he would have 
in putting some of them into practice. His methods 
ill his own hands were, notwithstanding many draw- 
backs, remarkably successful ; and one of his pieces 
of apparatus, the pneumatic trough, is now indis- 
l)ensable on the lecture-table. Let us explain it. 
The reader knows that the atmosphere has weight, 
and that in virtue of it water is pressed 32 feet up 
a suction pump, and mercury 29 inches up a baro- 
meter tiibe.t If you sink a tumbler in a basin of 
* Vol. L, p. 62. t Vol L, p. 105. 


water, and then, inverting it, lift it bottom upwards 
until the mouth of the tumbler is nearly at the same 
level as the water in the basin, this same atmo- 
spheric pressure keeps the water in the tumbler 
above the level of the water o in the basin (Fig. 2). 



Fig. 2.— Experiment iUusirating the TTee of the Pneumalio Trongh* 

One might now place any light substance — as, for 
example, a piece of cork — under the tumbler at 
A, and it wquld at once rise to the level b. In a 
similar manner, putting the bowl of a pipe at A. 
and blowing down the stem, bubbles of breath rise 
in the glass vessel and soon fill it. This illustrates 
all we at present want to know : Priestley's method 
of caging gases in a manner that would effectually 
admit of their inspection. The gases were in many 
cases conveyed from the generating apparatus, just 
as the breath from the mouth in our illustration, 
to a vessel filled with liquid, which was gradually 
displaced, and thus supplies of gas were inclosed 
in a transparent envelope. When we employ the 
pneumatic trough for gases that are soluble in 
water, we have to use mercury instead of water, 
otherwise the gas which we are attempting to catch 
will mysteriously disappear. In such cases a small 
trough is employed, as illustrated in Fig. 1. 

Priestley's acknowledged ignorance of the chemi- 
cal methods then in use, of the mysteries surrounding 
mati'asses, ox-bladders, and the like apparatus, com- 
pelled him to devise for himself, and the pneumatic 
trough is perhaps the handiest outcome of his in- 
genuity. After making some very original exi>eri- 
ments with carbonic acid, forestalling the manufac- 
turers of aerated waters, he turned his attention to 
infiammable air, or hydrogen,:}: concerning which he 
ascertained what then appeared some very strange 
things. Hydrogen seems to have been discovered 
by Paracelsus in the sixteenth century, but 
its proi)erties were not exactly studied until the 
eighteenth century was getting far advanced. This 
t Vol. I., p. 282. 
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is one of the experiments that Priestley made with 
it ; — Within a jar, say A (Fig, 3), full of hydrogen, 
a vessel c containing minium rested on the surface 
of the water in a trougL 
Minium is an oxide of 
lead ; that is, a body formed 
of the metal lead and the 
gas oxygen, just as rust is 
formed of iron and oxygen. 
It will be seen, then, that 
the minium was thoroughly 
surrounded by an atmo- 
sphere of hydrogen; and 
now Priestley, by means of a burning-lens b, con- 
verged the rays of the sun on to the minium, with 
what appeared to him a very strange result The 
hydi’ogen gradually disappeared, the minium was 
turned into bright lead, and the water rose in the 
jar to the level c', to supply the place of the 
vanished hydrogen. Where had the hydrogen gone 
tot 



F^. 3. — ’ niastrating one 
Mestlej’s Experiments with 
Hydrogen. 


It would be out of place here to confuse the 
reader with tlie various hypotheses held by the 
chemists of the time ; we shall therefore tell simply 
what we now know to have happened in this 
experiment. 

Water is composed of hydrogen and oxygen 
(p. 65). When the minium was heated by means 
of the lens, the oxygen in it combined with the 
hydrogen surrounding it to form little drops of 
water. The minium was robbed of its oxygen and 
reduced — to use a word often employed in chem- 
istry — ^to metallic lead, an action wliich we might 
express by means of an equation thus : — 


Minium. Water. 

/ ■ ^ s 

Oxygen andlead-|-Hydrogen = Oxygen and hydrogen -f-Lead; 


which means that the oxygen was wrested, as it 
were, from the lead to combine with the hydrogen 
and form water. 

The heating power of a powerful lens which 
Priestley employed in this experiment was turned 
to good use in making another discovery, perhaps his 
greatest It was on the 1st of August, 1774, that 
he took some red pi’ecipitate, and arranged matters 
BO that he could heat it strongly with the sun’s mys 
whilst it was over mercuiy. Thus, let c (Fig. 4) 
represent a basin of mercury, having resting in it, 
mouth downwards, a jar A b quite filled with 
mercury, and with some red precipitate at the top 
end B. The rays of the sun were converged on to 
the red powder at b. The powder began to darken, 
and soon the mercury within the tube commenced to 


lower, as if some invisible gas were being prepared 
in the higher portions of it And this was really 
the case, for by the heat of the sun Priestley had 
managed to break up the red precipitate into 
mercury and oxygen. The mercury thus procured 
ran impeiceptibly into the other mercury of the 
trough, but the oxygen remained as a transparent 
colourless gas. This new gas Priestley found was a 



Fig. 4.’-'Illa8tratiiig Friestley's Discoyery of Oxygen. 


remarkable supporter of combustion, for a candle 
that he put into it burned with extraordinary 
vigour; he found likewise that this new gas was 
not readily absorbed by water. 

Now all this was the preliminary work by means 
of which a grand problem — ^the constitution of the 
atmosphere — was solved. No one knew then that 
the air they breathed was a mixture of oxygen and 
nitrogen; they knew only for certain that the 
atmosphere supported animal life, had weight, and 
in moving with great speed constituted the hurri- 
cane. Its invisibility was a great drawback to its 
investigation, and the methods for successfully 
making researches on it had yet to be devised. A 
lively conception of the difiiculties standing in the 
way of inquirers who sought to learn something 
about it may be realised by thinking for a moment 
of its qualities. We cannot feel or see it, nor can 
we taste or smell it ; and the senses the chemist 
BO largely employs seem to be quite unavailable for 
its investigation. If one draws a switch smartly 
through the air, a sense of resistance is experienced, 
and a whistling noise may be heard, but from this 
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we are able only to infer its eidstence. The ques- 
tion arises, What is it made oft It was in attempt- 
ing to answer this question that the scientific men 
of the time became aware that they were sur- 
rounded by an oppressive darkness — a darkness that 
could be felt — ^an Arctic night ; and in seeking for 
light they wei’e tripped up at every turn for want 
of means and by the previously made and erroneous 
guesses — guesses which had lived so long as to come 
to be regarded as truths. 

But not to Priestley alone is due the honour of 
having lightened our darkness with regard to the 
composition of the atmosphere. He shares it with 
another worker of another country, Carl Scheele, 
a Swedish apothecary. And before examining the 
goal at which they both arrived, we shall derive 
some instruction by travelling over the route taken 
by the Swedish apothecary. 

At the time of which we speak, Scheele dwelt at 
Qefle, on the cold shores of the Gulf of Bothnia, 
and it was in trying to make out the nature of fire 
that he leamt some interesting facts about the 
atmosphere. 

He was no novice in the ai*t of investigation, and 
accoixiingly he proceeded with his work in a 
business-like manner. In effect he said to himself, 
‘‘ The air I bi'eathe has certain qualities, and if I 
find a gas with qualities differing ever so slightly 
from these, T may conclude it is not common air,” 
These are his veiy words : — 

*‘(1) Fire bums for a certain time in a given 
quantity of air. (2) If the tire does not yield 
during combustion a gas similar to air, after the 
spontaneous extinction of the fire, air is diminished 
between a third and a fourth of its bulk.* (3) It 
is insoluble in water. (4) All kinds of animals live 
but a certain time in a given quantity of confined 
air. (5) Seeds — as, for instance, peas — will strike 
roots, and grow to a certain height in a given 
quantity of equally confined air by the addition of 
some water and moderate heat. 

‘‘Hence, if a gas be exhibited similar in all 
external appearances to air, but which, upon ex- 
amination, wants the enumerated qualities (should 
even only one be wanting), I should think myself 
convinced that it is not common air.” 

Thus he thought, and as he worked he found 
many gases which wanted these qualities and had 
others instead of them. The gas which he named 
stinking sulphureous air, now called sulphuretted 
hydrogen, had several properties plainly not belong- 
ing to common air. Although transparent and 
* The exact fraction i« one-fifth. 


colourless, it was obviously very soluble in water, 
and had a smell as of rotten eggs ; it, moreover, 
formed a yellow substance when passed into a solu- 
tion of the metal arsenic. The fact that one may 
obtain coloured bodies by passing this gas into 
solutions of other metals makes it now a very 
valuable substance to the chemist. If we had a 
solution (b) containing the following dissolved metals 
— lead, copper, bismuth, cadmium, mercury, tin, 
antimony, gold, and platinum — upon adding a little 
spirits of salt to it, and then passing sulphuretted 
hydrogen into the solution, all these metals would 
be thrown down, precipitated, as bodies called sul- 
phides. 

More instructive still would it be to have each 


metal dissolved by itself, and then to pass the gas 
into each solution separately. We should obtain 
black substances, or precipitates, in the solutions of 
mercury, lead, bismuth, copper, gold, and platinum, 
yellow precipitates in the solutions of cadmium and 
arsenic, and an orange-coloured precipitate in the 
antimony solution. The colour of the precipitate 
in the iiu solution would be dark brown or yellow, 
according to this metal’s chemical state. Some 
metals are not precipitated from a spirits-of-salt 
solution, as, iron, zinc, manganese, nickel, and 
cobalt, and may therefore be readily separated from 
those which are precipitated. Because of this 
property, the gas is of the greatest importance in 
analysis. The gas is evolved from volcanoes, and 
where produced deep in the earth may be dissolved 
to some extent by the water, and thus give rise to 
springs of water of peculiar odour and medicinal 
power, as in the case of the Harrogate waters. 
To prepare the gas — ^ 


Into the flask A, with 
a cork and deliveiy- 
tube c, place some 
pieces of sulphide of 
iron, and now add to it 
dilute oil of vitriol. 
The gas will come off 



abundantly, and may 


be passed into various riff. S.—ninstratiiiy the Prepoja. 
... ... , . tion of Snlphiiretted Hydrogen. 

solutions of the metals 


to test the property of precipitate-making which w(; 
have described. 


This discovery of sulphuretted hydrogen was 
perhaps one of the most important that Scheele 
made. Let us now inquire with what kind of 
tools he worked. The accompanying engraving 
(Fig. 6) of the page of illustrations in his famous 
treatise, will give us correct ideas in this 
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matter. His gases he caught in ox-bladders, as 
represented in Fi^a. $ and 4, and in Fig, 5 we see 
one of them tied to the neck of a retort to catch 
the gas which is being generated in that vessel. We 
have already spoken of the combination of oxygen 
and hydrogen, and Fig, 1 illustrates an experiment 
in which hydrogen is made to combine with the 
oxygen of the air. The bottle a contains the 
materials from which the hydrogen is rising, say 
zinc and dilute oil of vitriol, and into its cork a tube 
is fitted, from which the hydrogen issues and is 


in volume of the inclosed gases is observed, and 
after burning a little while the candle goes out 
The burning of a candle has often been compared 
to the life of an organised being, because the latter 
similarly requires oxygen, which it replaces by 
carbonic acid, andi when it has no longer a supply 
of oxygen it dies. This analogy is borne out by 
another experiment, which shows that “all kinds 
of animals live but a certain time in a given 
quantity of confined air,^^ and it is probably one of 
the earliest of the kind made. Turn to Fig, S, 



ignited. Tlie vessel b b contains water. When, 
therefore, a flask is brought over the flame, so that 
the latter may bum in the centre of the flask, all 
the oxygen within it is soon consumed, and fresh 
access of air being prevented by the water in b b 
stopping up the mouth of the flask, the liquid rises 
in the flask as the oxygen disappears. In the 
experiment figured, the water rose to D ; the light 
then went out for want of a further supply of 
oxygen, and the hydrogen still issuing from the 
tube, the water gradually receded again. Fig, f 
illustrates an experiment wherein a candle was 
made to burn in a limited quantity of air. Now, 
as the oxygen used up in an experiment of this 
kind takes about the same room as the carbonic 
acid produced in its stead, scarcely any alteration 


The large basin contains lime-water, which, as the 
reader is aware, readily absorbs carbonic acid to 
form chalk.* The bottle b has a hole bored 
in its bottom A, and into the neck a cork is 
tightly fitted with a glass tube passing through 
it. Around the cork is laid a ring of pitch. 
Having now put a bee into an open glass along 
with some honey on a pai)er, this is set down 
on the pitch in an inverted position. B and c now 
form as it were one vessel, the upper portion o 
communicating with the lower b by means of the 
glass tube passing through the cork, and the only 
opening a is in contact with the lime-water. Tliis, 
then, will be the order of events. The insect will 
live in the vessel c as long as there is oxygen to 
•Vol. I., p. 63. 
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support it, and all the carbonic acid produced by 
its respiration will be absorbed by the lime-water. 
The latter will be forced up into B by the external 
atmospheric pressure to supply the place of the 
absorbed carbonic acid, and will furnish a rough 
measure of the oxygen originally contained in the 
air. In one of Scheele’s experiments the lime-water 
rose to E in seven days, and then the bee was 
dead. 

With such instruments and by such ways, differ- 
ing from modem methods only in degree of refine- 
ment, Scheele arrived at the conviction that common 
air is a mixture of two gases: that one of these 
enables a candle to burn, an insect or higher organ- 
ism to live ; and that the other, quite differently, if 
alone, puts out a candle or destroys a life. The life- 
supporting constituent is now called oxygen ; the 
gas which will not support life is called on that 
account in France azote, in England we name it 
nitrogen. As the outcome of the labours of Priestley 
and of Scheele, we now know that every five pints 
of that ocean of air at the bottom of which we live 
consists very nearly of four pints of the nitrogen 
and one pint of the oxygen. Although in the race 
to arrive at this conclusion Priestley was somewhat 
ahead of his Swedish brother investigator, he does 
not fail, in his published works, to honourably share 
the credit. We may, in fact, liken them to two 
traveller of different nations, who by diverse routes 
have arrived at the same wished-for goal, and credit 
is equally due to both, although in point of time 
one may have been a little before' the other. They 
were both great workers, and in their investigations 
exemplify well Burke^s observation* that, ‘‘it has 
been the glory of the great masters in all arts to 
confront and to overcome, and when they had over- 
come the first difficulty to turn it into an instru- 
ment for new conquests over new difficulties ; thus 
lo enable them to extend the empire of their science, 
and even to push forward beyond the reach of their 


original thoughts the landmarks of the human 
understanding itself.'’ 

We have learnt, then, thus far, that one of the 
most important properties of gases is their solu- 
bility, a property which for long prevented the dis- 
covery of ammonia and hydrochloric-acid gases; that 
the extent to which any gas dissolves varies with 
the temperature, being less at a high and greater at 
a low temperature. We have yet one more fact to 
think over, which will be grasj^ed by our attempting 
to answer the question : Why does soda-water give 
off bubbles of gas when uncorked ? 

The quantity of gas dissolved by a liquid is regu- 
lated by the external pressure to which it is sub- 
jected as well as by the tem})erature. The law 
which it observes, generally known as the law of 
Henry and Dalton, is a very simjde one. Suppose, 
for example, that we found one pint of water dis- 
solved fourteen grains of carbonic acid at the 
ordinary temperature and pressure, then, keeping 
the temperature the same, we should find that with 
a double pressure 2 x 14 = 28 giains of the gas 
would be (dissolved, and with thrice thcj pressure 
3 X 14 = 42 gmins would disappear. Utilising this 
fact, the manufacturers of aerated waters im])reg- 
nate their waters with gas at comparativ Ay high 
pressures. Consequently, when a soda-water bottle 
is uncorked, the liquid in it is exposed to a much 
lower pressure than that at which it was cliarged 
with gas ; it therefore effervesces, and gives off a 
quantity of gas all above that which it dissolves at 
the ordinary atmospheric pressure. Natural aerated 
waters abound in many parts of Germany. In the 
electorate of Hesse-Darmstadt and the Eifel such 
springs are found in great numbers. Deep down 
in the earth the carbonic acid is probably produced 
by some process of vegetable decay, and the water, 
bubbling up, comes in contact with the gas, dissolves 
some, then makes its appearance at the surface as a 
sparkling fountain. 


WHAT IS ‘^WOEK^^? 

By William Dundas Scott-Moncrieff, Civil Engineer. 


I N a previous papert it has been explained that 
power is that condition of energy which is 
capable of being converted into work. The princi- 
pal natural forces which were then alluded to wore 

*■ “ EefleotionB on the Revolution in France,” p. 200. 
t “ Science for All,” VoL II., p. 97. 


heat and the force of gravity. An illustration was 
given of the manner in which the heat of the sun, 
acting upon the great reservoirs of water in the 
ocean, performs the work of raising the clouds 
which are afterwards stored as great accumulations 
of power or potential energy in upland lakes and 
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rivers. Although the word work is really applicable 
to any process, natural or otherwise, in which one 
form of force or energy is converted into another, 
in scientific language the expression is generally 
employed to convey the meaning of useful work, or 
energy acting through some medium arranged by 
human ingenuity or intelligence. Of all natural 
forces, that which lies nearest to our hands is the 
force of gravity, and the one which has assumed a 
place of next importance, in our own day perhaps 
the place of greatest impoi*tance, is heat. It is 
chiefly to these two forces that we will still confine 
our attention. 

James Watt, when he was trying to discover a 
measure of power by which to dispose of his steam- 
engines, was among the first to fix upon a unitj or 
standard of measurement by which all kinds of 
work could be calculated and compared the one 
with the other, and this standard has since become 
universal. As it was of great importance that the 
measurement should be of a kind to recommend 
itself, from its simplicity, to every one interested, 
James Watt first fixed upon the power or capacity 
for work of a horse. Although this varied accord- 
ing to circumstances, and was therefore far from a 
scientific measui’ement in itself, it was made to 
represent a fixed natural standard, and in this way, 
after all, only gave a popular name to a really 
scientific unit of measurement. Experiments were 
undertaken to discover what work an average horse 
was able to jierform, and this was then calculated 
in the form of so many pounds* weight raised a 
cei*tain height in a given time. It really does not 
n^atter then how great or how little the work is 
that a horse can do, or how greatly the best 
horses of our own day excel those of the last 
century ; the standard of work has been fixed and 
remains unaffected by any such changes. James 
Watt estimated that the work of a hoi'se, or, as 
he named it, one horse-power, was the equivalent 
of the force necessary to raise 33,000 pounds t voir- 
dupois one foot high in one minute. This unit 
varies according to the attractive force of the earth, 
which in some parts is greater than in others, but 
the variation is so slight that for all practical pur- 
poses the definition is quite sufficient, and a more 
specific standard, such as referring the measure- 
ment to some one spot, has never been resorted to. 
Now in this standard of measurement the reader 
will notice that there are three elements, or factors, 
namely, weight, or the amount of downward attrac- 
tion exerted by the earth ; height, or the distance 
through which that attraction has been resisted; 


and time, or the period during which the moving 
energy of resistance has been continued. It becomes 
quite clear then that the amount of work must vary 
with any change in these conditions. If the weight 
is doubled and lifted through the same distance in 
the same time, the work done is doubled ; or if the 
height is doubled, so is the work ; or if the same 
lifting force is exerted during the same time at 
double the speed, the height will be doubled and the 
work as well In foreign countries, where the 
measurement of distance differs from the English 
foot, and of weight from the English pound, the 
unit of work of course varies in a corresponding 
degree, but in most cases closely appi*oaches the 
original standard. In France, for instance, the 
British unit is greater than the French by the 
fraction of little more than one-thousandth part. 

In the paper upon ‘‘Power,** it was explained that 
the word was wrongly applied in the expression 
“ horse-power ** during the early days of the steam- 
engine, because the source of the power lay in the 
boiler, and the variations in this essential element 
were omitted from the calculation. The reasons for 
adopting so imperfect a standard are to be dis- 
covered in the absence of any instrument which 
was capable of measuring the actual mean pressure 
of steam in the cylinder of a steam-engine, and for 
lack of a better measurement the area of the piston 
and its velocity or length of stroke were multiplied 
by a constant number representing the pressure. 

From the earliest days of the application of steam, 
but more especially after its introduction as a prime 
mover for propelling ships, our Admiralty have 
been very extensive buyers of steam-engines, and 
so they fibced upon a standard of their own for the 
nominal horse-power of engines, and this became 
afterwards a common measurement among steam- 
ship owners. This unit was calculated by multi- 
plying the area of the cylinder by the mean velocity 
of the piston in feet per minute, by what now seems 
to engineers to be an arbitrary constant numler 
7, and dividing the product by 33,000, or the 
number of foot-pounds in one horse-power. If, for 
instance, the area of a piston were 600 square 
inches and its mean velocity per minute were 200 
feet, then multiplying these together and the pro- 
duct by 7, and then dividing by 33,000, it would 
give us about twenty-one horse-power, the standard 
by which the Admiralty would have bought or sold 
the engine. This as a measurement of power is 
illusory, because the power or capacity for work of 
the boiler, which varies in different engines, is fixed 
by the constant number 7 So that if this were 
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4<mU6d in pmotioe, hj doubling the steam pressure, 
the same engine would do twice the amount of work, 
and the estimate of twenty-one horse-power would 
be wrong by 100 per cent. 

Let us see how this old standard of so-called 
power has been greatly given up and the more 
reliable basis of actual work adopted in its stead. 
The work of a horse being taken at 33,000 lbs. 
raised one foot high in one minute gives us the horse- 
power unit, and this divided by 33,000 gives the 
foot-pound unit or the work 
^ necessary to raise one pound 

\ one foot high in one minute. 

Now, on looking 
at Fig. 1, the 
standard work of 
a horse may either be illus- 
trated by a weight of 33,000 
lbs. passing from a to b in 
one minute, or by a weight of 
1,000 lbs. passing 33 times 
against the downward attrac- 
tion of the earth through the 
distance from A to b. Just in 
the same way, then, if we take 
the cylinder of a steam-engine, 
and suppose the area of the 
piston to be 100 square inches, and the pressure 
of the steam 10 lbs. upon each inch during each 
stroke, then the total capacity for work will 
be equal to that of a weight of 1,000 lbs. multi- 
plied by the distance travelled in one minute, 
which (if we suppose the stroke of the piston to be 
1 foot and the number of strokes 33 in one minute) 
will be 33,000 foot-pounds or one horse-power. 
Here, then, we have a measurement of work which 
includes the essential element of power stored up 
in the boiler as represented by the pressure of 
steam in the cylinder, and it only remained to dis- 
cover some means by which this could be accurately 
ascertained in every case. When steam is admitted 
into the cylinder of a steam-engine it may either 
continue to follow the piston to the end of the 
stroke in direct communication with the boiler, or 
this communication may be cut off before the 
piston has reached the end of the stroke, and after- 
wards the steam may urge it forward by its own 
power of expansion. In a fluid like water the 
connection between the source of the power and ' 
the point at which it is being converted into work, 
must be continuous, because any inteixuption would 
make a gap in which there was no water — and 
therefore no power and no work. But when steam 
81 


or any other elastic fluid is used, sudi gaps are 
impossible, and as long as there is enough heat in 
the steam to keep up the expansive force or 
elasticity, so long will there be a capacity for work 
upon every surface of the vessel confining it. In 
the interior of a steam cylinder the surface that 
becomes the medium for converting the expansive 
power of the steam into useful work, is that of the 
piston oh the side which is in contact with the 
steam, and as this moves along it conveys away 
the power of the steam in the form of work. So 
long as the steam remains hot enough to be elastic 
it continues to do work, and so long as it continues 
to work it loses heat, and therefore elasticity, in 
exchange for the work done. It is quite clear then 
that if steam is allowed to follow a piston to the 
end of its stroke in direct communication with the 
boiler, and then to escape into the atmosphere, there 
will be a total loss of the working capacity of the 
residual steam; but if this lost steam is passed 
into a second cylinder and made to do work there, 
the waste will be greatly saved. In many engines 
it is inconvenient to have two cylinders, and so the 
same object is obtained by making one cylinder 
double the length, and cutting off the admission of 
the steam from the boiler at half the stroke, so 
that what would otherwise be escaping waste steam 
does useful work in expanding against the piston 
during the second half of the stroke. Supposing 
then that the work done by the full pressure of the 
steam in direct communication with the boiler in 
moving 'from a to B (Fig. 2) is represented by 
the number 4, and that the steam being cut off 
when the piston reaches b the rest of the work 
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Fig a— Section of Cylinder. 

done by its expansion is represented by the number 
1, then there will be a clear gain of 25 per cent, 
to the stemn user by making use of this steam 
that would otherwise have been lost.* As a matter 
of fact, the gain is greater than 26 per cent in 
the case of steam cut off at half the stroke of 
the piston, as may be seen from the following 

* The supposed case of doubling the length of a oyHnder 
in order to use what would otherwise be waste steam is a 
popular illustration of what would be difficult to explain 
more teohnioally. 
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table, in wbich the mean pressure of steam in a 
i^linder is shown under the portion of stroke at 
which steam is cut off : — 

Table of Steam used Exfansiyslt. 


Pretmure 
of admii* 
■kminllMi. 

Portion of Stroke At wbkh Steam is 

oat off. 








10 

9-6 

8-4 

6*9 

20 

19-3 

16*9 


30 

290 

26*4 

17*9 

40 

38*6 

33*8 

23*8 

50 

48-3 

42*3 

29*8 

100 

96-6 

84*6 

59*6 


James Watt had not only been the first to appre- 
ciate the great saving of power and of fuel which 
is illustrated by these figures, but had invented an 
instrument for ascertaining the mean pressui'e in 
cylinders when steam was used expansively. It was 
not imtil recent times, however, when improvements 
in the making of boilers led to the adoption of higher 
pressures and a greater expansion of the steam, 
that the use of the instrument was revived, and its 
construction improved. Although it is possible to 
calculate what the mean 
I pressure of steam in a cylin- 
1 der ought to be, when the 
g* initial pressure and point of 
I cut off are known, in practice 
j so many causes are at work 
to upset the theoretical re- 
sult, that the instrument 
I referred to, which is called 
an “ Indicator^' (Fig. 3), is 
necessary in order to ascer- 
tain what the mean pressure 
actually is during any parti- 
cular stroke. This appliance 
is attached to the cylinder 
in such a way that the steam 
actsupona small 
j piston, thrust- 

— ing it against 

the pressure of 
a spring which 
has been previ- 
ously adjusted, 
and the resist- 
ance of which is 

known. Now it is clear that when the pressure 
of the steam comes directly from the boiler, it 
will suddenly force the piston of the indicator 
against the pressure of the spring until it reaches 


.rte. 8.---*8howiiw 
tbe smoniit ox work < 


* the Indlofttor tdU 

fworkdone in a ** Stroke** At 

Ion BoflecPraMiire. 


a point at whidi the two pressures {that of tho 
steam on one side and the spring on the oUier) 
are balanced, and this will indicate the actual 
initial pressure in ^e engine cylinder just as 
clearly as any other form of gauge that could be 
devised. This point, by a simple mechanical 
arrangement, is indicated by means of a pencil, 
A, upon a roll of paper that is wound round 
a drum, d, as shown in Fig. 6. If then the 
highest point which has been reached by the piston 
of the indicator acting against the spring remained 
fixed during the whole stroke of the engine, and if 
then the drum with the roll of paper is attached to 
some moving part so as to revolve, the pencil, 
remaining fixed at one point, will trace a straight 
line. Referring to Fig. 3, supposing that the 
pencil of the indicator presses upon the roll of 
paper at the point of no pressure (a), then, when 
the pressure from the boiler passes through the 
valves and reaches the interior of the engine 
cylinder, it will suddenly force the pencil to the 
point of known maximum pressure (b), and so long 
as the pressure of the steam remains at the maxi- 
mum, then, when the drum is revolved by means 
of the cord, the line of departure from b will remain 
horizontal. Supposing now the full boiler pressure 
acts upon the engine and the indicator piston during 
the whole stroke, then the diagram enclosing the 
parallelogram (a b c n) will represent the work 
done during one stroke, because it affords an exact 
indication of the two factors necessary to the calcu- 
lation, viz., the pressure of steam and the distance 
travelled at that pressure, the aiea of the piston 
and the number of strokes per minute being also 
known. We have thus got everything necessary 
to make a calculation of the number of work units, 
either in terms of horse-power or foot-pounds. It 
has already been explained that using steam in the 
manner indicated in Fig. 3 is wasteful, because at 
the end of each stroke of the engine a cylinder full 
of steam at the full boiler pressure will be thrown 
into the atmosphere, add all the work it was capable 
of performing be for ever lost. We will now try 
to explain what happens when the steam is cut off 
before the end of the stroke, and how the efiect of 
this is indicated by the altered shape of the diagram. 
The steam being admitted in the same way as in 
Fig. 3, the pencil of the indicator 1(011 be again 
forced from the point of no pressure A to the 
point of maximum pressure at b ; and so long as 
this maxiinum pressure is maintained, ihe line of 
departure from b, as in 1%. 3, will remain horinmtal 
As soon, however, as the steam is cut off, bj the 
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aotioii of the slide valves, say at o, Eig. 4, the 
wmik of foTomg forward the piston is immediately 
done by the expansive fm'ce of the steam in 
the cylinder alone, without receiving any furthei* 
supplies from the boiler. The pressure of steam, 
therefore, diminishes at the point c ; and as the 
pressure of the spring behind the piston of the 
indicator is no longer balanced, it forces the pencil 
to descend in a less sudden manner than it ascended 
along the line A b, and thus traces a curved line 
from G to £, produced by the rotary movement of 
the drum and the downward movement of the 
pencil Here again, then, we have a complete 
index of all that is necessary to calculate the work 
performed by the engine during the stroke to which 
the diagram refers. As the parallelogram a b c d, 
in Pig. 3, represents the full boiler pressure indi- 
cated by a proi)erly adjusted pressure scale on the 
line A B, multiplied by the distance through which 
that pressure acts, as indicated by the line b c; 
and as these factors, along with the area of the 
cylinder and the number of strokes per minute, are 
all that is necessary to calculate the work ; so in 
Fig. 4 we have a similar parallelogram (a B c p) 
up to the point c on the line b o at which the 
steam was cut off, the maximum pressure and the 
distance during which it acted being represented by 


pressure a o multiplied into the distance trav^ed 
by the piston in one stroke A D. 

Among instruments of measurement, there is none 
that holds a more important place in the every-day 
practice of mechanical engineers than the indicator 
(Fig. 6), because it is by its means alone not only 
that the actual horse-power, or rather horse-work, 
of an engine is calculated, but also because it sup- 
plies an index of every form of error, both in the 
adjustment of the slide-valve, and even faults in 
the general construction of a steam-engine itself 

We will now go on to another branch of the 
subject in which work is measured, not in relation 
to the useful effi.ciency of prime-movers, but in the 
aspect of a force in relation to other forcea At 
this point a peculiar interest attaches to the work- 
standard laid down by James Watt, because it has 
since been employed as a unit of measurement in 
the co-relations of forces, a subject which is identified 
with ma>y of the most brilliant discoveries of the 
nineteenth century, and one which he would no 
doubt have adorned by his genius if he had lived. 
The early history of these discoveries, as often has 
happened in other departments of science, was 
made up of arguments brought forward by the 
advocates of two rival theories, in which the com- 
batants, by their efforts to adduce facts and deduc- 


the area of the figure A b o f. To this must be tions in sup 2 )ort of opposite opinions, gradually 

added the remainder of the diagram (c p n b), supplied the materials for arriving at the tnith. 

which indicates the mean pressure during the rest True conceptions of the nature of different forces, 

of the stroke and the distance through which it acts which are now the common i)roiDerty of any 2 >eraon 

from F to D. In other words, the area contained of intelligence who 2^ys a shilling for a text-book 


by the figure a b o e d will re- 
present the work done when the 
cut off takes place at that portion 
of the stroke represented by the 
letter c on the line o B ; 
and the waste of steam y 

at the end of the stroke, 


and studies it, wei*e, in the beginning 
of the last century, exceedingly rare, 
even among the most profound mathe- 
maticians, and mistaken notions retarded 
the investigation of their relationships. 
Heat was called caloric, and looked U 2 X>n 
by most men of science as an im 2 )al 2 )able 
fluid, the motions of which were studied 
on this assumption. When such a theory 
2 )revailed, tho idea of heat being con- 
vertible into work, and work into heat. 


must have ap2)eared as altogetlier un- 
A waiTanted. Certain theories existed that 


Fig. 4— Showing Work done under Maziinum and Mean Freianre. vaguely led tO SUch a conclusion, but 


instead of being a cylinder full at the maxi- 
mum pressure indicat^ by the length of the 
line A b, will be a cylinder full at a pressure 
indicated by the height n b or o a, the loss of 
eteam, thrown into the air at the end of the stroke, 
being indicated by the area a o s n, or the 


they belonged to a 2 )eriod whose scientific 
methods of investigation had been displaced by the 
system of deductive reasoning from facts, and such 
authorities as Aristotle, or even Bacon, who had 
both given expression to the idea of the co-relation^ 
ship of natural forces, were not looked u 2 >on as beix^ 
of any weight, even at the time when the doctrine was 
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on the vn cS its demonstration. We are here tres- 
passing upon a subject tihat demands a larger share 
of attention than can be devoted to it in this paper; 
but as no account of work would be complete with- 







Vig. 5.— The Indioator, 


out a reference to its relation with at least one force 


When he was auperiutending the boring of oaxmon 
in Munich, he noticed that the heating, which was 
the consequence of the friction of the tools upon the 
metal, was derived from an apparently inexhaustible 
source, and so he very reasonably con- 
cluded, in his own words, that anything 
which any insulated body, or system of 
bodies, can contmue to furnish without 
limitation cannot possibly be a material 
I substance.” Such ideas about heat and 

work were at first the possession of the 
few, but soon began to be the founda* 
wBk tions for the investigations of many. 
iJjKjBk The steam-engine was beginning to he 
iUHn lool^^d upon as a heat-engine, and the 
source of the power traced to the fuel 
MHr in the furnace. Then men of science 
began to ponder over the relationship 
between heat and work. Sadi Carnot, in 
trying to discover Jiow work is produced 
from heat^ was labouring at one side of a 
. calculation, that may be roughly illustra- 

p ted by suj)poBing a person to be working 

' at the relationship between 2 and 3, and 

thereby suggesting to another the re- 
lationship between 3 and 2, or how heat 
is produced from work. About this time 
, — another natural force, which had been 
considered by many to be such another 
imponderable fluid as heat, was suspected 
to be in the same category, and this was 
afterwards preved to be the case by 
Seebeck, in the production of electro- 
motive force frem heat, the heat itself 
0- being produced, if necessary, from other 

forms of force which were capable of 
exact measurement in terms of the work- 
unit of foot-pounds. 

BHi Sir Willim Thomson applied the work 
of Carnot to devising ^ thermometrie 
scale, based upon the relationship of work 
and heat; and this again opened up a 
new conception of the limits of tempera- 
ture which had never before been thought of. 




besides that of gravity — ^viz., 4eat, we will try to 
convey an idea of this connection in as few words 
as possible. The first person whose mind was 
thoroughly disabused of the notion that heat was a 
subtle imponderable fluid was Count Bumford.* 

* Count Romford, whoie name waa Benjamin Thompaon, waa 
driven to Europe for hia loyidty during the Revolution in 
America. He attained diatinotioh in Bavaria, and ohoae hia 
title from the village he had left in New Hampahire. 


Count Bumford extended his experiments upon the 
production of heat from work to the effects produced 
upon water by churning, and in doing so had worked 
in a direction that in other hands opened a new 
channel for a discovery of their relationship. The 
question remained, how much work will produce a 
certain amount of heat, the work-unit being taken 
at one pound raised one foot in one minute t The 
answer was given by Joule, of Manchester^ whe 
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wncmnoed-to ilie world, in 1849, that if the unit of 
beat is taken to be tiie amount of heat necessary to 
raise one jxmnd of water one degree Fahr., then the 
equivalent of work necessary to produce a heat unit 
is 772 pounds, falling through a space of one foot. 
Applying this to the case of a steam-engine of one- 
horse power, we find that if we estimate the 
calorific efficiency of one pound of coal at 12,000 
heat-units (which I 


is perhaps the ^ JL 

nearest approach Mj jj 

to the truth that ' 

has yet been T 

made, then the I ^ / \ 

work-units it con- I iU 

tains will be jj ( ] j 

12.000 X 772 = iM 

9.264.000 foot- • \ / JM 

liounds, whei’eas \ 

in the best en- 

gines this amount rig. 6. -The 

of fuel is capable 

of developing only 990,000 foot-pounds per hour. 
The importance of the discovery of the exact 
mechanical equivalent of heat in the every-day work 
of the mechanical engineer it is impossible to over- 
estimate. As it is his principal business to insure 
economy in the use of those stores of energy which 
we discover in our coal-fields, the knowledge of the 
exact relationship which ought to exist between 
heat and work is the basis upon which waste and 
loss is calculated. By this knowledge he has a 
goal, which all his efforts should be strained to 
reach. Nor is the margin between theory and 
practice so narrow that no room for improvement is 
possible. In a first-rate steam-engine, about eight- 
ninths of the capacity for work stored in the fuel is 


Fif?. 6.— The Dynamometer. 


lost. This startling discovery would never have 
been made but for the patient exireriments that led 
to the great announcement of Joule, which has 
thrown a light at the same time upon other de- 
partments of industry, in which the waste goes on 
in a still more outrageous proportion. 

For the purpose of estimating the total amount 

of work performed by such a jjrime ■ mover as 

, a steam - engine, 

^ there is no more 

i| I reliable instru- 

ment than the 
o indicator which 

— I has already been 

I described, but it 

is often of great 

~ HZ imjxjrtance to be 

able to ascei*tain 
^ what amount of 

f work is being ab- 

yaamometer. sorbed by friction 

among the moving 
parts of the engine itself. For this purpose a dyntu 
mometer (Fig. 6) is employed, by which the amount 
of work done by the prime-mover, over and above 
that which is required to overcome the friction of 
its paris, is asceriained. This is done by loading a 
friction-brake (a) to a known amount by weight (w), 
and estimating the work done in a given number of 
revolutions of this drum. Deducting this amount 
of work, then, from the total shown by the indicator, 
will leave a balance that represents that which is lost 
in overcoming the resistance inherent in the moving 
parts of the engine. Mr. Frond, within the last 
few years, has opened up a new field of inquiry by 
this means, which is of itself an important contri- 
bution to the science of practical dynamics. 


THE HAND. 

By PaoFESSoa F. Jeffrey Bell, M.A.. F.Z.S., King’s College. 


I N treating of any part of the body, w© may deal 
with it in one of two ways ; we may speak of 
its uses or functions, its present powers, and its 
educated fx>ssibi]ities, that is, we may treat of it 
from a physiological point of view; or, on the 
contrary, we may deal with its structure, its 
variations, and its history, that is to say, we may 
deal with it morphologicaUy. In the present paper 
we shall speak chiefly of this second aspect of our 


subject, and we shall at once commence what we 
have to sa^ with a short description of the human 
hand. 

Like all similar parts, this may be divided into 
three regions, the simplest names for whidi are 
wrist {ca/rpus), palm {metncaapus), and digits. Of the 
digits, or fingers, there are five, all but one of which 
are provided with three joints {plwkmges) ; the 
single exception is the thumb, in which there are 
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but two joints. The ordinary names for the other 
digits are (1) pointer or index ; (2) middle finger; 
(3) ring finger — so called as being that on which 
Christian brides, at any rate, have been in the habit 
of wearing the marriage-ring, and whence, as the 
beautiful fable reports, a vein goes direct to the 
heart ; (4) little finger (minimus). That foot of a 
verse wUch is known as the dactyl^ and which is 
made up of one long and two short syllables, is so 
called from the Greek word for a finger. The palm 
also exhibits the number five, consisting as it does of 
five elongated and slender bones, terminating in 
lai'ge rounded heads, on which the first joints of the 
fingers can easily play (Pig. 1). 

The wrist itself is short and broad, and in man is 
made up of eight bones arranged in two rows ; on 
the one side it is connected with the bones of the 
palm, and on the other with the outer bone (raditcs) 
of the fore-arm, and indirectly with the inner 
bone (t^na). It will not be necessary to give all 
the hard names of these, but there are one or two 
which demand a special notice ; and fii'st of all, 
that which is connected with the thumb. As is well 
known, this digit is, in ourselves, capable of an 
extraordinary amount of movement, and by itself 
might be said to be nearly equal to all the other 
digits put together j thus, it is capable of movement 
in two distinct planes ; it can move inwards over 
the palm, and it can also move downwards so as to 
be set at right angles to the palm and fingera. Such 
an an^ngement has naturally enough excited the 
admiration, and at times inflamed the reason, of 
naturalista The matter has been put in the clearest 
light by Professor Owen, and we slmll do well to 
quote his words : Man’s j>eifect hand is one of his 
peculiar physical characters; that i)erfection is 
mainly due to the extreme differentiation of the 
first from the other four digits, and its concomitant 
power of opposing them as a perfect thumb. An 
opposable thumb is present in the hands of most 
Quadrumana [the apes, &c.], but is usually a small 
appendage compared with that of man.” It may 
therefore be supposed that the bone on which this 
thumb plays is of a peculiar character ; and so it is, 
for instead of having a simple rounded head, or a 
correspondingly simple hollow to receive a rounded 
head, it is saddle-shaped on the face to which the 
innermost bone of the palm — or that for the thumb 
~is ^ditached. Occupying almost the centre of the 
wrist, though reaching to the palm, is a large bone, 
which is almost always known as the magnunif or 
great bone of the wrist; but it is curious to observe, as 
an example of the history of Comparative Anatomy, 


that in most animals this bone is of a comparatively 
inocmsiderable size, while it may warn us against 
the too common error of arguing from wha« 
happens in man as to what will hiq)pen in the 
lower animals. Of the remaining six, one, the pea- 
shaped bone (jns^orm), does not belong to quite 
the same series as the rest; while two are con« 
nected with the radial bone of the fore-arm, the 
boat-shaped (scaphoid) bone, and the semilunar. 

These various bones are moved on one another 
by a number of muscles, which form the fleshy part 
of the hand, and these again are roused to activity 
by nerves, and enabled to effect their work by the 
supply of nourishment afforded them by blood- 
vessels. The muscles are arranged in two distinct 
sets ; one the so-called placed on the palmar 

aspect, flex or bend the fingers ; while others, on the 
opix)site surface, are the extensors^ which draw the 
finger-joints back again, or bend tlie back of the 
hand on to the arm. It would not be light to give 
here a detailed account of the distribution of these 
muscles, but it will perhaps be interesting to explain 
the anatomical relations which, in the pastime 
of Sir Creswell Creswell,” prevent the tips of the 
ring fingers from separating when the middle 
Angelas are flexed. The tendon which goes to the 
back face of the ring finger gives off two tendinous 
bands, one for the middle, and one for the little 
finger; when, thei'efore, either of these fingers is 
flexed, the ring finger has its tendon held down, 
so that its proper action — which is, of course, to 
extend the ring finger, or bend it towaixls the back 
of the hand — cannot be put in use. We must not 
describe in any detail either the nerves or the vessels, 
though with regard to one of each a word must be 
said. And first, as to the nerve, which is not only 
one of those which go to the muscles, but one of 
those by which we feel the action of various in- 
fluences on the skin of the hand. We all know that 
when we strike the elbow at a particular point, a 
peculiaily painful sensation is felt in the hand; 
this, which is due, in the first place, to that law of 
nervous action by which irritation of a sensory nerve 
gives rise to a feeling in the parts to which it is finally 
distributed, is effected by the course taken by the 
so-called ulnar nerve, which comes very near to the 
surface at the elbow, and then passes on to the hand, 
giving off some branches to muscles, and some to the 
skin. The vessel to which we would refer is that by 
which we ^^feel the pulse;” it belongs to that 
series wfaiph carries blood from the heart, or the 
arteries, and is distinctively known as the radial 
artery; unlike most of that series it is at the 
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wxist hxgAy expoaed, and so forms a convenient and 
ready method of testing the action of the heart, 
rising and foiling as it does after each contraction 
of that organ. As to the skin, we need only point 
out the complete absence of hair from the palmar 
face, and the comparatively slight extent to which 
it is developed on the back of the hand ; still, a few 
words must be said as to the nails, without our 
attributing to them as much importance as do the 
Chinese, or those Africans that colour them yellow 


or purple. The peculiar points about the nails of 
man are that they are all flat, and that they do 
not in any way seem to aflbrd protection for the 
ends of the Angers by growing round them, as do 
the hoofs of the horse and cow, for example. As 
regards the flattening of all the nails we must, 
however, observe that in the orang, the chimpanzee, 
and the gorilla the same obtains, while in the 
gibbons it is only on the thumb (and on the great 
toe) that the nails are flat. The white part of the 
nail is known as the lumiia; its appearance is 
probably due to the thickening of the ** bed ** of the 
nail at this ^loint and to the less rich supply of 
blood-vessels, which shine through under the rest. 
Among other proofs of these parts being nothing 
more than somewhat altered parts of the skin is the 
fact that they are made up, like the scarf-jskin 
itself, of flattened scales, while the younger parts, 
just like the younger cells of the outer skin, are 
more rounded and softer. The best proof of all is 
afforded by some of tiie £tog family, where the skin 


(epidermis) is merely thickened at the ends of the 
different digita Instances have been observed of 
nails growing on the stumps of amputated fingers. 

On account of the striking difference in the 
powers of the hand and foot in man, as compared 
with monkeys, the terms Bimwm (two-handed) and 
Quadrumana (four-handed) have been applied to 
them respectively ; but with regard to this it must 
be observed that there are numerous peculiarities 
which distinguish the hand (Latin, and 

the foot (Latin, joea), and that with regard 
to these points the foot of the ape is as 
truly a foot as that of man ; and again, if 
the word Iwmd is to be taken as meaning 
merely a seizing organ, ^ then many monkeys 
might 1)6 called five-handed, for their tail is 
as much of use to them as their hands or 
feet, and the elephant might at least be 
credited with a very powerful hand, for its 
tr^nk is a most useful, as well as a most 
amusing and dangerous seizing organ. The 
Greeks recognised this, as is shown by their 
having applied their name for the hand to 
the tmnk of this creature. The difference 
between man and apes was insisted upon 
by Blumenbach and Cuvier ; but the saga- 
city of Linnaeus, the veritable father of 
modem zoology, had saved him from such 
a course, the ill-advisedness of which must 
strike every one who has seen, as it has 
fallen to the lot of the writer to see in the 
Museum at Antwerp, a man, maimed of 
both hands, copying with exquisite precision some 
of the glorious masterpieces which adorn the walls 
of that building, in the city of Rubens. This artist 
— we cannot call him this cripple — ^held a brush 
between his toes, and, moreover, laid aside that 
brush to wipe from his brow the foted reward of 
his labour. 

Having commenced with saying that we would 
deal more with the form than with the function of 
the hand, we might perhaps escape comment even 
if we said not a word as to right or left-handedness ; 
but all functions depend sooner or later on stnio- 
ture, and the “ common error,” of which a distin- 
guished writer on the hand has spoken, ‘‘of seeking 
in the mechanism the explanation of phenomena 
which have a deeper origin,” cannot be fairly taken 
as applying to parts which owe all their activity 
to the supply of blood which they receive either 
directly or indirectly. The explanation to which 
the words just quoted referred was that “the 
superierity of the right arm is owing to the trunk 



Fig. 1.— Bones of the Hand of Man. 


m 

(a) palm; (B)baok. 


X., II, m., iv„ V., Indicate the Piglti on PingerB; i,*,8 (see Digit v in a and mark 
the Phalanges orJolnta;(f7t) Magnum: (mt* Metncarpals: (u) Ulnar; (p) Plsilurm: 
(c) Ouuellonn ; (at) Bemilnnar; (sc) Scaphoid; Urn) Trapesium; (tr) Trapezoid. 
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of the artery which supplies it passing off in<»e 
directly, so as to admit of the blood being propelled 
more forcibly into the small vessels of that arm 
than the This explanation, indeed, has not 

much anatomical evidence to support it ; but that 
which ascribes the superiority to the freer supply of 
the blood to that part of the brain whence messages 
are sent to the right hand has a strong basis in 
fact. The question is one which has been much 
discussed, and it is impossible to give all the views 
on it, but the ingenious explanation that those who 
advanced the right side first in battle would be less 
exposed to fatal wounds is one which it is right to 
mentioa There is a peculiarity in some right- 
handed persons which is extremely curious : it is 
this — they always deal cards with their left hand, 
and that although for other purposes it is just as 
useless as in most men. Finally, it may be men- 
tioned that an eminent surgeon is reported to have 
urged on his pupils that they should always knock 
an a door with their left hand — a forcible way of 
putting the fact that success in surgery will always 
come most largely to those who are ambidexter. 
How far right-handedness is due to natui*e, and how 
feu* to education, is a somewhat barren question, 
as it is obvious that a habit, if long enough brought 
about by education, will come to be brought about 
by heredity ; that is, by nature, if the word nature 
have any meaning at all in this question — a ques- 
tion which, it should be added, has been put often 
enough. 

Turning now to the lower animals, to learn from 
them some of the changes which this organ may 
undergo, and to understand the degree of its per- 
fectness in man, we commence with a few words on 
the higher apes. It has already been pointed out 
that the hand of the Quadrumana differs in no 
essential point of structure from that of the Bimana 
(man) — ^it possesses not only every bone, but 
eveiy muscle which is found in that of man.” The 
difference lies in the degree to which these are 
developed ; thus, the thumb is in all cases smaller: 
but this of itself may be an advantage to them, as 
they use their hands more for climbing than for 
construction, and it is in those that are excellent 
climbers or that live always in trees — in such forms, 
that is, as the American spider-monkeys, the Asiatic 
gibbons, or the African colobus — that we find the 
thumb most reduced. But the hand itself is but 
the terminal portion of an organ — the arm, which, 
it is to be observed, is proportionately longer in 
moneys than in man. This peculiariiy is also to 
be noticed in children as compared with adultSf 


although, indeed, ihe representationB peipiem 
often obscure it, so that much of what looks fedas 
to nature in portraits of young princes, infantas, 
and so on, is due tp want of correct observation on 
this anatomical peculiarity. This length of am 
seems to be inconsistent with the upright position ; 
but we must remember that the higher apes can 
move along without the aid of their hands, and 
although, as Mr. Darwin tells us of the gibbon, they 
move awkwardly and much less securely than man, 
yet when this ape does walk upright it is reported 
to only touch the ground now and then, just as 
does a man who carries a stick without requiring 
the use of one. 

It is a general rule in all mammals — that class of 
the animal kingdom to which man belongs — ^to have 
never more than two joints in the thumb, and three 
in all the other fingers ; and this rule applies also 
to the corresponding parts of the lower limb — ^the 
foot : in none of them, any more than in any bird, 
any living reptile, or any one of the frog class 
(Amphibia)^ are there more than five fingers to the 
hand — except, of course, in cases of monstrosity, such 
as in six-fingered men or women. To the first rule 
there is but one exception, and that is found among 
those animals which, though living in the sea, are 
veritable mammals, and which, like all others of 
their class, are unable to breathe the air dissolved 
in the water, and have continually to come to the 
surface to respire ; these are the whales. In them 
the hand does indeed seem to be very remarkably 
metamorphosed ; seen from the outside, tliere is no 
indication of the presence of separated fingers, not 
even the slight one that could be given by the 
presence on it of claws or nails : it is converted into 
a flipper-like paddle, set close to the body. When, 
however, the skin and muscles are removed it is 
seen to possess wrist, palm, and four or five fingers, 
just as does man, but the joints of these fingers 
are not limited to two or three, and there may even 
be as many as twelve or thirteen phalanges in some 
of the digits. In those whales that develop whale^ 
bone in the place of teeth, many of the parts of the 
hand never become bony at all, but remain cartila- 
ginous ; the joints, too, between the different parts 
are not developed, and the only power that the 
hand has of yielding or bending is such as it can 
gain from the elasticity of cartilage. To show 
how variable the number of the phalanges is, it will 
be sufficient to state how they are set in the two 
forms of whales best known to most of us. The 
porpoise : this animal, which is not rarely seen 
even as &r un the Thames as London Bridge, has 
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two pbaknges in the thumb, eight in the next 
finger, and then six, three, and two ; in the common 
dolphin there are two, ten, 
seven, three, and one pha- 
langes, while in the round- 
headed form there ai'e as 
many as fourteen joints, in 
the index finger (Fig. 2). 
Of the mammal class there 
is yet another group which 
purely aquatic, and, 
king generally, this 
mode of life is about their 
only point of similarity to 
the whales. Of these, the 
Sirenia (or mermaids), we 
now only know two living 
forms ; a third form {Rhy- 
tina stelUri) has died out 
within the last century, but 
fortunately the figure of 
it was painted, and the 
anatomy studied a little by 
Steller, one of the com- 
panions of the celebrated 
voyager Behring. Owing, 
probably, to their mode 
of life these animals have 
Headed DoiphinT the hand converted into a 
fl{it paddle, and no signs of seim- 

and fifth Metacarpal. . i ^ i. 

mte fingers can be made out 
in the living form; but the inspection of their 
skeleton reveals the presence of a hand which, by 
the possession of five digits and the ordinary num- 
ber of phalanges, agrees essentially with that of man. 

There is another group of mammals which, un- 
like most of their kind, do not walk on land, but 
are flying animals ; these are the bats {Chiroj>tera — 
wing-handed animals). The accompanying figure 
(Fig, 3) will show better than any description the 
difference between the arms of these animals and 
the arms of the birds who are, amongst vertebrates, 
the flying animals par excelknce. It is therefore 
necessary only to point out that the surface re- 
quired to suppprt the animal in the air, and which 
is formed by outgrowths of the skin itself, is chiefly 
provided for by the gi’eat elongation of the bones of 
the hand ; the thumb is not included in this fold 
of skin, but forms a claw by which the animal 
may support itself on trees and bars. The meta- 
<»rpals (or bones of the palm) are greatly elongated, 
mid, as a rule, are succeeded by two phalanges, 
urhich are also very long and very slender. It is 
fifi 
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striking to observe that, notwithstanding the 
extreme length of the bat's hand, the number of 
phalanges should be even less than 
in man. The other members of 
the mammalia which are able 
to fly — the flying lemur of the 
Indian Archipelago, the flying 
squirrels, and the flying phalan- 
gers of Australia (YoL L, p. 198) 

— ai'e not aided by any modi- 
fications of the hand, nor is their 
flight long-continued or steady. 

We shall shortly refer to what 
obtains in birds. 

As we cannot deal with all the 
marvellous variations in the struc- 
ture of the hand which are seen 
in mammals, we will pass on to 
a group in which the reduction 
of the digits affords one of the 
easiest, as well as one of the most 
instructive, series of changes which 
can be found in the whole realm 
of comparative anatomy: these ai'e Fig.3.— Handof Bat. 
the hoofed animals, or Ungulata, of ®the 

. t lour Metacarpali. 

which there are two senes, maikedly 
distinguished by many anatomical differences. For 
our purpose the most imjiortant is that in one the 
number of digits is always even, and in the other 
always odd; to this, however, there are two 
curious, exceptions. To the one group belong 
the tapirs, rhinoceroses, and horses ; to the other 
sheep, oxen, deer, goats, and pigs. But with 
I'egard to the tapii*, that curious, old-fashioned^ 
looking animal which is now found living only in 
such widely distant regions as South America and 
Sumatra, we have to observe that there are four 
toes on the hand, though only three on the foot, and 
that of these four toes the outer one has ceased to 
touch the ground. The other exception is also found 
in a South American form — the peccary ; but the 
peculiarity here lies in the foot, in which there are 
only three, and not, as in the hand, four toes. Of 
all these beasts the most remarkable is the horse, in 
which only one digit is developed and touches the 
ground. The bones of this member are greatly 
elongated and we very strong ; the wrist, or carpus, 
is even here made up of seven bones, the largest and 
broadest of which is the one that we have already 
heard about — ^the rmgnwm, ; in the metacarpus there 
are two narrow bones, one on either side, which repre* 
sent the second and fourth metacarpals ; these flank 
a large and long bone — the higUy-develcped third 
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metacarpal ; and this, again, is succeeded by three 
phalanges, the two lower of which are brc^ened 
out, and the last one most remarkably so. Owing 
to the length of the bones below the carpals, the 
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Fig. 4.^Hand of Horae (a), Ehinooeroa (b), and Tapir (c). 

(r) lUdiQs; (e) Carpua; (u) Ulnn; Ac., mark Digits; a* a 8) Plialanges; 
{tn2, niZ, m4) Metacaipals, 

wrist gets to be so high from the ground that it 
ordinarily goes by the name of the knee” (Fig, 4). 

In the rhinoceros three toes touch the ground, 
but the middle one is larger than, those on either 
side ; w’hile, as we see in the above figure, the tapir 
still I'etains its fifth digit, shoi’tened a little though 
it be. A still more instructive series of changes 
has been made out by the aid of a study of some 
fossil forms which were, without doubt, closer 
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Fig. 5.— Foot of AiuiMtlmivm (a), Hipparion (b), and Horn (c). 

allies to the horse than are either the tapir or the 
rhinoceros. These are known as Hipparion and An~ 
chUherkmi. When we compare — as by the aid of the 
subjoined figure (Fig. 5) we are enabled to do — the 
hands of these three forms, we observe that the toes 


get shorter and shorter, until at last the digits oeasS 
to be developed. Nor is this all the stoty ; to expiaia 
which we must say that the later periods of the 
history of our earth are, or may be, divided into 
five : Early Eocene, Later Eocene, Miocene, Pleisto- 
cene, and Existing [Frontispiece, Vol. I.]. Now 
the modem horse is only known in the last two of 
these j)eriods, Hipparion m the third and fourth, 
and Anchitherium in the second and third. A still 
earlier form, to which the ever illustrious Cuvier 
gave the name of Palm)t1isHmny has not been found 
in any layers which belong to a later period than the 
Later Eocene ; in this form, again, thei*e were only 
three digits. In addition to this, we have to observe 
that the rhinoceros has been found in Indian 
deposits of the Miocene epoch, and the tapir in the 
deposits of the same j^eriod near Auvergne. We 
see, then, a series of changing forms going hand in 
hand with changes in the earth’s surface, while the 
scarcity at the present day of the almost unchanged 
tapii' and rhinoceros, and their greatly restricted 
range, are full of significance as to the necessity 
of adapting oneself to circumstances, when one is 
desirous of continuing to exist. 

Had we space, we might enlarge at greater length 
on this most interesting and instructive subject, 
and might draw many examples from the even- 
toed foims, but we must content ourselves with 
attracting attention as briefiy as possible to the 
studies of a Russian anatomist, who illustrated the 
reality of the great republic of Science by draw- 
ing his examples from specimens in the British 
Museum. This gentleman has, by the study of 
fossil forms, shown that in some of these the median 
metacarpals did not seize on the outer carpal bones, 
when the digits with which these bones airiculated 
dropped away; and that forms have disap^ 
peared. In others, again, such as the deer or the 
ox, the carpal bones became connected with the 
remaining and median metacarpals, so that in them, 
just as in the horse, the number of bones in the 
wrist is not very greatly reduced, and a better and 
more complete support for the body” is thereby 
gained; such forms luive not disappeared. To 
these two modes Dr. Kowalewsky has given the 
appropriate names of adaptive and inadaptive 
modifications. 

It is impossible to speak of the other mammals ; 
and we must now begin to draw our notes to an end 
by giving a rapid sketch of the changes in arrange- 
ment which convert the typical five-fingered heoid 
into part of a wing. In very nearly all birds 
there are three digits, one bf which is the thumb, 
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which does not here disappear so readily, as it were, 
as it does in so nmny quadrupeds. In many 
birds this thumb retains a claw, in some the index 
finger does so also, but in no known case is there a 
claw on the third (inedian) digit ; the thumb is con- 
nected with a shqrt metacarpal ; the other two bones 



of the palm are very largely fused into one bony 
mass; and the bones of the wrist are reduced to 
two (Fig. 6). 

We come now to the final question — What is 
the meaning of these relations common to all hands'^ 
why is the number five so constant and so charac- 
teristic, and yet why is it at times so extraordinarily 
modified 1 To answer these questions would be to 
write a chapter in the History of Creation ; but at 
the same time, there are a few facts which cannot be 
passed over. When we examine the arm and hand of 
one of the simplestof the five-fingered forms — a repre- 
sentation of which is here given ( Fig. 7, A) — we find 
(1) a single bone, (2) two bones, (3) a set of ten bones, 
(4) a set of five bones, and (5) five digits with a 
number of bones in each. Along this we can draw 
one straight line, and on one side of this four other 
lines, passing out like rays from a central stem. It 
is clear that the rays of the other side have been lost 
if the hand of the Amphibian is really based on a 


type ’’ of such a kind at all ; whether it is so or 
not, it is curious to observe that such a ^Hype’* 
does exist in a remarkable form which has lately 


been found in the rivers 
of Australia, and of 
which an instructive 
figxire is given (Fig. 7, b). 

We have now traced 




Fig. 7.— Diagram of Fore-limb of (a) Awphihian ; (b) of Cvratodw. 
A.Hr) Radius; Humerus; (tOUlna. 


the hand of man through various, though through 
few series, and have seen how under varying cir- 
cumstances its structure becomes altered; yet, with 
all these changes we have seen striking points of 
similarity in all, and we have lastly been able to 
see a possible origin for all these forms ; so that we 
have had illustrated to us the two chief modes by 
which peculiarities of structure are brought about 
— “ the influence of heredity,” by which the ‘Hypical 
form ” is preserved, and the influence of surround- 
ing cii'cumstanoes and of changed habits of life, 
which have efiected the most wonderful changes in 
arrangement within a comparatively restricted area 
of structure. 


HOW GLACIEES MOVE. 

By W. F. Barbett, F.B.S.E., M.R.I.A., 

Professor of Physios in the Boyal College of Science for Ireland* 

I TS a former article (p. 181, Vo). II.) we have seen the least remarkable. We will now inquire how it 

what a glacier is, and how, in the course of its is that a seemingly solid, hai'd, brittle river of ice 

slow journey from the region of perpetual snow, it passesu.from the upper Alpine regions down into 

exhibited phenomena of wonderful interest. But of the valleys among the vineyards, or in the Arctic 

aE these pWomena the mere &ct of its motion is not regions to the sea, accommodating itself to all the 
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imqualitieB of the ground, and in nearly eveiy 
reapect behaving just as if ^ 
it were a river of water. J 

That the glacier pos- 
sessed some kind of vital •S 
agency used to be a current B 
belief among the peasantry 
of the Alpine valleys, a be- 
lief that arose from the fact 
that foreign bodies, such as 
large stones, dropped into 
a ci'evasse, were found after 
weeks or months rejected 
by the glacier. This appa- 
rent rejection of bodies was 
proved by M, Agassiz, who 
placed plugs of wood at 
various depths in a hole 
dug for the purpose in a 
glacier. These were suc- 
cessively discharged, accord- 
ing to tlieir situation in 
the hole. The rejection of 
foreign substances by the 
glacier is, however, only 
apparent ; they remain in 
their original position, but 
the surface ice of a glacier 
being in a constant state of 
liquefaction, the ice is gra- 
dually melted to the level 
of these bodies, and they 
then become visible on the 
surface. Many other illus- 
trations of this glacial “ejec- 
tion” might begiven ; one or 
two examples will show the 
use that may also be made 
of them in calculating the 
rate of motion of a glacier. 

An Alpine guide, named 
Contet, found, in 1846, 
fragments of a knapsack 
which had been lost ten 
years previously in a deep 
crevasse; the contents were 
undestroyed and formed a 
certain means of recogni- 
tion. It was found on the 
surface of the glacier 4,300 
feet lower down than the 
q)ot where it had been lost, giving an annual move- 
ment of 430 feet The space travelled over includes 


a spot where the ice is dashed over a rapid 1,000 
feet high. Again, in the 
highest part of a glacier 
near Chamouni, a sudden 
and noiseless descent of 
snow carried over a preci- 
pice, and buried, the leaders 
of a party ascending Mont 
Blanc. Tliis was in 1820, 
and happened only 1,000 
feet from the summit of 
Mont Blanc — at a height, 
that is, of 14,700 feet In 
1861, some guides, while 
crossing the lower part of 
this glacier, found bones, 
skulls, knapsacks, and other 
traces of this party. This 
was at a height of only 
4,400 feet ; the descent, 
therefore, in forty-one years 
was 10,300 feet, equal to 
nearly 500 feet a year. 

But the question remains, 
how a solid and brittle sub- 
stance like ice can behave 
like a liquid, flowing down 
gentle slopes and accommo- 
dating itself to its bed. 
There have been many at- 
tempts made by scientific 
men to explain the river- 
like motion of glacieis. The 
valleys in which glaciers lie 
are always inclined, and 
this led De Saussure, to 
whose early and excellent 
observations on glaciers 
we referred to in previous 
papers, to suggest that the 
weight of a glacier was 
suflScient to urge it down 
the slope, the accumulated 
snow above pressing it 
downwards, the motion 
being aided by the assumed 
liquefaction of the ice on 
the under surface of the 
glacier from the nattiral 
heat of the earth. But this 
‘^sliding theory” is not only 
insiiffipient to explain the liquid-like motion of a 
glacier, it is obviously inconsistent with facts; 
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for, among other reasons, even if the channel 
were perfectly smooth, instead of having, as is 
the case, an uneven and rocky surface, no solids 
and therefoi‘e rigid, body would slide down unless 
the slope were much greater than it generally is in 
the glacier valleys. The accompanying diagram 
(Fig. 1), drawn to scale from Forbes’s observations, 
will give some idea of the gentle slope of a glacier. 

Another theory, proi)Osed by De Charpentier, was 
to the effect that the glacier was pushed down by 
the force of expansion, arising from the freezing of 
water. The body of the glacier was supposed to be 
penetrated with minute fissures, which filled with 
water in the day and were frozen at night; and 
as water expands in freezing, this process, being 
constantly repeated, was supposed to account for 
the motion of the glacier. But this ‘^dilatation” 
theory is still less in accordance with facts than the 
previous one. For in winter the glacier ought not, 
according to this explanation, to move at all, whereas 
it does ; moreover, the changes of temperature 
between night and day are felt only to a very small 
depth below the surface of a badly-conducting body 
like ice ; and, again, there is no evidence to show 
that a glacier is penetrated with minute fissures. 

This was the state of knowledge on the subject 
when the late Principal Forbes began his glacier 
observations, which led to the publication of his 
“Travels in the Alps.” Forbes first set to work to 
obtain accurate data, and the observations he made in 
1842 he has thus summed ujd : — (1) That the down- 
ward motion of the ice from the mountains towards 
the valleys is a continuous and regular motion, going 
on day and night, without starts or stops ; (2) that it 
occurs in winter as well as in summer, though less 
in amount ; (3) that it varies at all times with the 
temperature, being less in cold than in hot weather; 
(4) that rain and melting snow tend to accelerate the 
glacier motion ; (5) that the centre of the glacier 
moves faster than the sides, as is the case in a river ; 
(6) that the surface of the glacier moves faster than 
the bottom, also as in a river; (7) that the glacier 
moves fastest (other things being supposed alike) 
on steep inclinations ; (8) that the motion of a 
glacier is not prevented, nor its continuity hindered, 
by contractions of the rocky channel in which it 
moves, nor by the inequalities of its bed ; (9) that 
the crevasses are for the most pari formed anew 
annually, the old ones disappearing by the collapse 
of the ice during and after the hot season. 

The consideration of these facts led Forbes to the 
conviction that the ice of a glacier behaved, not as 
a rigid body, like stone, but as a plastic or viscous 


body, more like dough or thick honey, though of 
course less fluid, and therefore less mobile, than 
these bodies. Now, a solid and a viscous body 
behave very differently on a gentle sloj^ — the 
former moves as a whole, the latter has a move- 
ment of its parts analogous to a liquid. A mass of 
pitch will, after some time, spread itself over the 
surface on which it rests, through the continual 
action of gravity. According to Forbes, melting 
ice is a body of this kind, hence the gradual creep- 
ing of a glacier down into the lower valleys.’*^ This 
theory he clearly states in the following passage : — 
“ A glacier is a plastic mass impelled by gravity, 
having tenacity sufficient to mould itself upon the 
obstacles which it encounters, and to permit one 
portion to slide past another without fmcture, 
except when the forces are so violent as to produce 
discontinuity, in the form of a ci’evasse, or more 
generally of a braised condition of the mass so 
acted 0 ^) 011 ; that, in consequence, the motion of 
such a mass on a great scale resembles that of a 
river, allowance being made for almost incomparably 
greater viscosity: hence the retardation of the sides 
and bottom. Finally, that diminution of temj3era- 
ture, diminishing the plasticity of the ice, and also 
destroying the hydrostatic pressure of the water 
which fills every pore in summer, retards its 
motion, whilst wai’mth and wet produce a contrary 
effect.” 

This “ viscous theory ” subsequently met with 
vigorous opposition on the pari of Professor Tyndall, 
who contended that ice, even at the melting point, 
was a rigid crystalline body, incajmble of flexure, 
and therefore unable to flow and to mould itself 
to its channel. Dr. Tyndall thereupon proposed 
another explanation, based on the curious proi>eriy 
possessed by thawing ice — namely, the freezing to- 
gether of those surfaces which are in contact. This 
property was first carefully examined by Faraday, 
and named by him regelation. It can be observed 
any day in the fragments of ice at a fishmonger’s 
shop. It is familiar to every one in the manu- 
facture of a snowball ; and it is by regelation 
that the “snow bridges” are formed which often 

* The term viscosity has been defined by Prof. Taii as “ an 
internal resistance to change of shape, depending on the 
rapidity of the change,” and, therefore, expresses ‘‘molecular 
friction,” which, in a less degree, exists in fiuids, both liquid 
and gaseous, and in these bodies is generally known as the 
** viscosity of fluids.” Frictional resistance to change of shape 
is not, however, quite the sense in which Forbes used the word 
viscosity, but rather the gradual yielding of the shape of a body 
under continued stress, to which the word plastic may more 
strictly be applied, thus embracing semi-solid and semi-liquid 
substances like mortar. 
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Buan the yawning chasms in the Alps* It is 
simply necessaiy to bring two fragments of ice 
in contact with each other, when they will imme- 
diately become cemented together. This, however, 
will be found to occur only with thawing ice — that 
is, with ice at its melting 
point — ^the surface of which 
is therefore covered with a 
film of water. If the expe- 
riment be tried upon a very 
cold day, when the thermo- 
meter stands some degrees 
below freezing point, it will 
be found not to succeed. 
Nor can a snowball be made 
under such conditions ; even 
if Tigorously squeezed it 
still remains a loose, inco- 
herent powder. Both in 
the snow and the ice an 
exterior film of water is 
necessary, for it is tlie freez- 
ing of this film which glues 
the fragments of ice or par- 
ticles of snow together. 

The cause of this rege- 
lation we shall study di- 
rectly; the fact of it occurring does undoubtedly 
account for the conversion of the discontinuous nev6 



Fig. 2.— Iron Mould for Bub< 
jecting Ice to Preuure. 


into the continuous ice of the glacier. Prof. lyndall, 
however, went further. This distinguished physicist 
and Alpine traveller sought in regelation, as we liave 
said, an explanation of the behaviour of a glacier; 
the mobility of which, he asserted, was apparant, not 
real According to this theory, the ice is incessantly 
being broken and crushed by the strains and strasses 
to which it is subject ; but after it has broken, rege- 





Fig S.^Bozwood Mould for Experiment, showing ibape that loe 
may ttBsame under PreMure. 


lation sets in, heals the wounds, and binds the ice 
once more into a continuous whole. By some in- 
teresting experiments on moulding crushed ice into 
various shapes, through the pressure exerted by an 
hydraulic press, Dr. l^ndall supported his tbeoiy 
of fracture and rege'ation.” accompanying 


wood-cuts will show the shapes which ice can be 
made to assume by simply squeezing broken frag- 
ments powerfully together. Into an iron mould, 
shown partly in section in Fig. 2, crushed ice or 
snow is rammed ; the solid piston p is then forcibly 
driven home, and a little cylinder of clear ice is 
produced. In like mannex*, the box-wood mould in 
Fig. 3, shaped like a cup and ball, is able to 
produce a cup of ice, and another mould a disc 
of ice ; placing these parts in contact, regelation 
sets in, and freezes the whole together into a claret- 



Fig. 4.— (a) Cup of Ice formed by squeezing its Component Parts 
(B) together. 

glass, as shown in Fig. 4. When a Bramah press 
is not at hand, a large vice may be successfully 
used in making the foregoing pretty experiment 
Magnify these moulds, as the eminent Swiss 
naturalist, M. De la Hive, has remarked, and 
they become the bordera of the valley through 
which a glacier flows ; the weight of the snow 
and ice above takes the place of hydraulic pressure ; 
and gravity, incessantly in operation, causes the 
ice insensibly to accommodate its form to that of 
the valley. Thus ice seems to exhibit a plasticity 
like soft wax. But ice, the same writer continues, 
is plastic only under pressure, not under tension. 
This is the main fact on which the advocates of the 
fiucture theory rely. Time and temperature are, 
however, overlooked, and the introduction of these 
elements changes the aspect of the case. Let us, 
therafora, look at the two theories in the light of 
recent experiments on ice. 

Forbeses theory of glacier motion, as we have 
seen, rests upon the assumption that ice at its 
melting point is essentially a plastic body, and, like 
warmed sealing-wax, will bend in response to a 
gentle continuous pressure, though it will snap 
with a great and sudden strain. On the other 
hand, TyndalFs theory is based on precisely the 
opposite assumption : that ice is not plastic, but 
crystallme, in its structure, and brittle in its be- 
haviour* Careful experiments on the possibility of 
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bending ice have been mada Canon Mozley, Mr. 
Mathews, and others, have shown that an ioe>plank 
at the melting point dotB gradually bend under 
pressure, like a plastic body. More recent experi- 
ments made on the Continent by Bianconi corro- 
borate this &ct, thus proving that ice has a certain 
degree of plasticity, notwithstanding its brittleness. 
The ice-plank, though it can be bent by gradual 
pressure, is shattered to pieces by a slight shock. 
M. Bianconi has also shown that j^ebbles and other 
solid bodies can be pressed into the ice, penetrating 
it as they would a semi-fluid body, the particles of 
ice rising up in a ring around the intruded body. 
Another Continental physicist, Herr Pfaff, has ascer- 
tained the amount of pressure necessary to displace 
the particles of ice, and has proved that even the 
srmUeat pressure acting continuously is sufficient 
for this purpose if the ice and its surroundings are 
kept approximately at the melting point. Under 
a pressure of two atmospheres — say 30 lbs. on the 
square inch — the ice, even at one degree below its 
freezing point, showed itself so yielding that a little 
hollow iron cylinder, half an inch in diameter, sank 
an eighth of an inch into the ice in a couple of 
hours. When, however, the temperature was four 
or flve degrees lower, the cylinder penetrated the 
ice only one-sixteenth of an inch in twelve hours ; 
and when the temperature was reduced to 18° Fahr. 
below the freezing point, the cylinder almost refused 
to enter the ice, penetrating only one-twenty-fifth 
of an inch in five days under a pressure of five 
atmospheres. In like manner the same observer has 
shown that an ice-plank suflfers a scarcely sensible 
bending when the temperature is much below the 
freezing point, but that as soon as the temperature 
rose the bending was most marked and rapid, yet no- 
where could the least trace of a crack be discovered. 

These important experiments, which quite corro- 
borate the opinions held by Forbes, based ort 
observations long since made by M. Person, esta- 
blish the fact that cold ice is a brittle, non-plastic 
body, but that ice near its melting point iaa pelding, 
plastic body. It only ramains, therefore, to ascer- 
tain the internal temperature of a glacier, both in 
summer and in winter — ^for, as already stated, the 
motion goes on in winter ; then, if the temperature 
be found very much below the freezing point the 
viscous theory must be given up ; if, on the other 
hand, the temperature be found at or near its melt- 
ing point, the fracture theory must be relinquished 
as unnecessary, and less in accordance with the 
observed facts of glacier motion. 

Thermometers have been sunk deep in the ice of 


a glacier, and careful observations made of the 
temperature of the ice at various seasons in the year. 
In every case the internal ice has been found close 
to its melting point. At the bottom of a hole 
bored 200 feet deep in the solid ice the temperature 
in summer was found to be 31^° Fahr., the melting 
point being 32°; and in winter-time in the same 
hole it was 28^ Fahr., this being an exceptionally 
low temperature. The swifter motion of the glacier 
in summer is thus readily accounted for. The 
streams of water — arising from the snow and ice 
melted on the surface — which, during the summer, 
everywhere penetrate a glacier, raise its temperature 
to the melting point ; and in winter, when these 
streams cease to flow and hard frost sets in, the 
extremely low conducting power of ice for heat 
preserves the whole of the glacier, except its 
superficial portions, at a temperature little below the 
freezing point. Knowing these facts, it is difficult 
to withstand the conclusion that the viscous theory 
maintained by Forbes is a true interpretation of the 
flow of a glacier. 

We need not do more than allude to the theory 
proposed by Dr. James Croll, which supposes a mole- 
cular motion of the ice. Here it is assumed that a 
progressive liquefaction of the ice particles takes 
place owing to the transmission of heat through the 
ice. This theory, however, breaks down from one 
fact, among others, that ice is not a conductor of 
heat, as assumed by Dr, Croll, though radiant heat 
is to a slight extent cai)able of traversing it. 
Radiation and conduction are, however, different 
things. 

Having thus discussed the various theories of 
glacier motion, let us, in conclusion, endeavour to 
understand that beautiful process of re-freezing, or 
regelatioUf whereby the ice of a glacier continues a 
compact mass in spite of its peri)etual movement 
and incessant fractures. The explanation of re- 
gelation, like the cause of glacier motion, has 
given rise to considerable diversity of opinion. 
Faraday viewed the action somewhat in this 
way : — A greater freedom of motion is enjoyed 
by a liquid than a solid ; this freedom is first 
gained by the water at the surface of the ice, 
for here Ihe particles are bounded on one side only 
by the solid mass, and by the atmosphere on the 
other. Some controlling action may be assumed to 
be exerted by the particles of the solid on the one 
side. When a second piece of ice touches the first, 
the layer of watdr is squeezed away at the points 
of contact to the thinnest possible film, and this film 
finds itself bounded by solid surfaces on both sidea 
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** The liberty of liquidity,” as Prof. Tyndall puts it, 
at each point where the surfaces touch each other is 
arrested, and the two pieces freeze together at those 
points.” In this explanation it is difficult to 
account for the escape of the heat which is liberated 
by the passage of the water into solid ice. This 
difficulty is got rid of by regarding the interior of 
the block of ice as colder than the exterior, the heat 
difiusing itself by conduction into the mass. 

Experiment shows that the interior of a block of 
ice is slightly colder than the exterior, and upon 
this fact Professor Forbes founded a different and 
fuller explanation of regelation. The surfaces of 
two blocks of melting ice which are brought to- 
gether are virtually transferred from the exterior to 
the interior. The ice on both sides of the enclosed 
layer of water will now be colder than the water, 
and a new distribution of heat accordingly takes 
2 )lace, the result of which is that the water is frozen, 
as it is now in the central, and therefore coldest, 
part of the block. 

A thii*d explanation of regelation has been given 
by Professors James and Sir William Thomson, 
founded upon the important fact, which they first 
established, that the temperature at which water 
fi’eezes may be slightly lowered by sti’ong pressure. 
If, therefore, ice at its ordinary freezing point, 32^ 
Fahr., be squeezed, it tends to become liquid, and 
when considerable pressure is used liquid films 
may be seen within the ice. Upon the removal of 
the pressui'e the freezing 2 )oint rises, and the liquid 
films again become ice. This action, according to 
the eminent philosophers just named, is sufficient 
to account for the fact of i*egelation. It may be 
urged, however, that the pressure is too slight for 
liquefaction by this agency to come into play. This 
objection may be met by supposing, what is doubt- 
less actually the case, that under a feeble pressure 
the fragments of ice will only touch in a few — 
practically three — points, and ujicn these the whole 
of the pressure is concentrated,* a feeble total 
pressure may, therefore, be a very considerable 
local pressure at the points of contact. Under this 
stress, a trace of ice will melt, and on the removal 
of the pressure the water formed will freeze. The 
beautiful experiment, suggested by Mr, Bottomley, 
and already described and figured in another paper,* 
illustrates the preceding fact 

In the case of a glacier, the water produced 
between the pieces of ice which ore pressed together 
cw escape through the numerous cracks which 
penetrate the glacier ; and as it runs away, not only 
• “Science for All,” VoL L, p. 32. 


does it escape the pressure, but it also oames with 
it ike heat necessary for its liquefaction. Under 
these conditions the pressed ice becomes colder 
than zero, owing to the lowering of its freezing 
point by pressure, and this cold ice finds itself in 
contact with water at the zero temperature. The 
result is that a continual freezing of some of the 
escaping water takes pleyoe, new ice thus forming 
round the portions which are pressed, whilst these 
are simultaneously undergoing a slight superficial 
liquefaction. Thus Helmholtz has explained how 
the cementing of the masses of ice by regelation 
may occur even when the pressure is unrelaxed, 
provided that cracks exist in the ice to allow some 
motion to the liberated water. 

Each of these rival theories has at the present 
time eminent advocates ;t hence the explanation of 
regelation maybe regarded as still an open question, 
notwithstanding the severe discussion of the sub- 
ject which has taken place in the scientific world. 
It is not improbable that all three causes are to 
some extent operative, and that under particular 
conditions one or other comes more permanently 
into j)lay. Broadly viewed, the theory of Forbes 
seems to the present writer most consistent with 
observed facts, and, therefore, likely to be more 
generally true. 

Before bringing this necessarily brief talk on 
glaciers to a close, we must not omit (though un- 
connected with the subject of the present {)fikpor) 
a brief notice of a beautiful structui'e de- 
veloped in ice when a beam of luminous heat 
is passed through a slab of ice, cut parallel to 
its plane of freezing. Exquisite six-sided stars 
are then seen forming within the ice; these are 
composed of water arising from the slow disinte- 
gration of the ice crystals. There is also a shining 
central spot, which is vacuous, as the bulk of 
the water is less than that of the ice from which 
it was derived. It is easy to witness for oneself 
this interesting phenomenon, fii*st noticed by Dr. 
Tyndall All that is necessaiy is to procure a 
block of clear ice, saw a slice pai*allel to the plane 
of freezing — which can generally be discerned by 
the air bubbles or by other means-^smooth the sides 
by i*ubbing on a warm metal plate, hold the slab 
close to a lamp or gas flame, and during its lique- 
faction observe the ice, assisting the eye by a lena 
The swift formation of the pretty six-petalled liquid 
flowers will then be instructively and distinctly 

t E.g* Dr. TyndaU supports Faraday's view ; Dr. Balfour 
Stewart Forbes's, and Professors Helmholta and Tait, ^Dioiih 
son's explanation. 
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Been. Ab might be expected, ibein is a striking 
.resemblance between the general shape ot these 
“ice flowers” and the lovely. snow crystals that 
are sometimes seen in such wonderful perfection. 
Indeed, few things in Nature are so fuH of interest 


to the diligmt student as water, whether as solid, 
liquid, or vapour. And so every familiar object has 
its tale to tell, and will yield untold pleasiire and 
unsuspected wonders to the patient and thoughtful 
inquii'er. 


DUST. 

By W. C. WimAMsos, LL.D., F.E.8., 
Professor of Botany in the Owens CollegSt Manchester* 


M arch and March winds bring with them 
practical reminders of the existence of 
that of which a peck, at the right season, is said, 
by an old adage, to be worth a king’s ransom. 
Ordinary observers see in the March dust only a 
sign that the agriculturists are being favoured 
with a season adapted to their spring labours, and 
an indication that they must themselves take more 
than ordinary care of tlieir eyes. But science sees 
something more than this. It discerns in the dust 
the results of a long and extremely varied series 
of operations, some of which are due to inorganic 
and others to organic agencies, whilst the product 
of these combined agencies becomes itself a means 
towards the accomplishment of still further enda 
There' must have been an immeasurably long 
])eriod when no dust existed upon the earth — viz., 
when the globe was a rolling sphere of fluid material, 
lieated to such a temperature as made that fluidity 
permanent, without which supposition it is difficult 
to account for its spherical form; yet we are 
equally unable to arrive at any exact knowledge 
as to what it then consisted of, and what its atmo- 
spheric surroundings were. One thing, however, 
may be regarded as certain, that there were placed 
side by side in the fluid sphere the same elemen- 
tary IxKlies as now constitute its substance — ^that 
oxygen existed in the neighbourhood of oxydisable 
bodies, that sulphur was capable of volatilisation, 
and that if vapour came in contact with common 
lime the latter would then, as now, fall into powder. 
The results of these and other similar agencies 
would necessarily be the ^ disintegration of hard 
materials wherever the fluid elements cooled down 
sufficiently to admit of their becoming hard. 

It is a generally accepted belief that the early 
stages of cooling, which reduced our globe from a 
fluid to a solid state, must have led to many dis- 
turbances that were essentially volcanic in their 
nature. Radiation into an atmosphere colder than 


tlie sphere from which the heat radiated would 
naturally cause that sphere to harden at its surface, 
and such hardening would inevitably lead to 
contractions of the hardened part upon the less 
contractible fluid nucleus. Hence fissures or 
cracks, and the violent rubbing of one hardened 
surface J^gainst another, which would produce what 
would be a primeval form of dust. How largely 
such a formation of dust is associated with volcanic 
action is shown in the vast quantities of it which 
so frequently darken the air whenever a seiious 
volcanic eruption takes place. But this friction 
would not stand alone as a dust-producing agent. 
When the earth’s crust was sufficiently cooled to 
allow of such opemtions as we have refened to, the 
sxirrounding air would also be sufficiently cooled 
to allow of the condensation of vapours and the 
consequent production of showers of rain. These 
would at once introduce a new dust-forming power. 
Oxydisable elements — such, for example, as calcium 
and iron — would rapidly imlverise under atmo- 
spheric influences, and each succeeding shower of 
rain would not only ex^wse fresh surfaces to similar 
agencies, but by the friction of its tiny streamlets 
would add one moi’e to their number. Tims, so 
far as inorganic agencies were concerned, the forces 
capable of forming dust must at this early period 
have commenced their operations. Time, with its 
whirligig changes, would only multiply the varia- 
tions in the modus oj>erandi of air and water, as 
well as the localities which successively become 
fitted for their action ; whilst one imi}ortant result 
would be the addition of a new compound to 
those already constituting the earth’s sub "stance — 
viz., that mixture of dust and water which wre call 
mud. 

To see that the physical and chemical charac- 
teristics of the dust produced by these agencies 
must be as varied as those of the pulverised rocks 
from which it \vas derived, requires no philosophy 
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OQ the put of oar readeis. Some atoms, derived 
from (STStallme materials, would be sharp and 
angular, and in the infancy of the world’s being 
such would probably be the predominant ones, since 
the cooling of materials from a state of fluidity, 
resulting from excessive heat, would tend to leave 
them all in moi'e or less crystallised forms. But 
as watery agencies increased in power, more 
amorphous forms would gradually make their 
appearance; and since all the changes of the 
seasons, with their varying phases of climate 
and meteorological conditions, would be the same 
then as now — since our northern part of the 
q>here, for example, whatever its geographical 



evoia1a<Hi, we can scarbely even speculate on i^e 
exact order in time in which flbese new dements 
made tiieir appearance. But we can leam something 
of what those elements are that chiefly enter into 
the composition of dust at the present time. The 
study of this portion of the subject is a very recent 
one, but it is one of great importance to the well- 
being of the world. Before, however, making any 
observations upon it we must somewhat extend 
our ideas in speaking of dust. Instead of confining 
our notions to what we can see with our eyes when 
the wind is driving conspicuoiu clouds before it, we 
must include in the term (M the atoms, visible or 
invisible, organic or inorganic, that float in the 
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turangements might be, would have in all proba- 
bility its wet seasons and its dry ones, representa- 
tives of its March winds and its July rains — ^we 
may fairly conclude that those winds would raise 
the dust, though in smaller quantities, somewhat 
as they do now. But we must also remember 
that, since narrow roads and traffic, with their 
innumerable rolling and crushing wheels, would 
not then exist, stich clouds as now assail 
us on a dry and windy spring morning would 
not be so conspicuous then as they are now. 
Sudi clouds belong to the streets and highways 
rather than to moor and mountain, apart from 
the dust-preventing instrumentality of the vege- 
table world. 

But with the introduction of organic life new 
elements would enter into the composition of dust 
However firmly we may hold the doctrine of 


air. When sitting on a sunless day in a quiet 
room, we are unconscious of the existence of any 
foreign atoms in the air which we breathe. But if 
we admit a bright beam of sunlight into such a 
room, and look through it in a direction more 
or less perpendicular to its course, we at once see 
that the atmosphere is charged with minute floating 
particles, previously invisible to ua Professor 
lyndall made valuable use of a similar method 
of illumination when conducting his interring 
experiments on germs; experiments bearing upon 
the problem of spontaneous generation. He trans- 
mitted a beam of bright light through a darkened 
box, in such a direction that it was invisible to 
the observer, excepting when it was reflected from 
the surfaces of ilie atoms floating in the atmo- 
sphere. By this means he was enabled to trace the 
grsdual deposition of the atoms when, currents 
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being excluded, no power remained causing them 
to continue to float. It is the subsidence of these 
atoms that ronders necessary the domestic process 
of ‘‘ dusting ” our rooms — a process which, as too 
often performed, only means disturbing the 
particles from the surface upon which they have 
fallen, and restoring them to the atmosphere from 
which they fell. But it is not only the confined 
atmosphere of our dwelling-houses that is thus 
laden with foreign particles. The outside air is 
full of, though less densely charged with, similar 
ones. Various methods have been tried, having 
for their object the collection of these floating 
atoms, with the aim of exposing them to micro- 
scopic investigation. One of the most successful 
of these methods has been to cover a plate of glass 
with a thin coat of glycerine, and to expose it to the 
outside air, with its moistened surface facing the 
quarter from which the wind blows (Fig. 1). 

These experiments have not yet affbided us sucli 
absolute demonstration of the nature of these aerial 
particles as might have been hoped for. We loam 
more about them from a process of deductive reason- 
ing, the result of experiments that nature is every- 
where making for us, thaii from bur own direct 
investigations. The unaided processes of normal 
putrefaction and fermentation — the development 
of microscopic forms of animal and vegetable life 
in fluids in which they were previously non- 
existent — the speedy manner in which nature clothes 
barren spots with moulds, lichens, and other forms 
of cryptogamic vegetable life, and even the similar 
development of crops of some kinds of flowering 
plants on newly exposed soils, all require for their 
explanation the existence of the germs of these 
varied objects floating in the air. To a certain 
extent the practical microscopic analyses of the 
organic contents of the atmosphere, made in the 
way already referred to, have justified the hypo- 
thesis which accounts for the phenomena just 
mentioned by supposing that the germs of the 
objects discovered do abound in the atmosphere. 
But in the case of many of them, these germs, 
indiscriminately collected, are too small and too 
devoid of distinctive features to be thus identified. 
We easily recognise the particles of mineral 
matter captured by the glycerine process. Pollen- 
grains from flowers and atoms of vegetable hairs 
and fibres are sufficiently distinct and numerous ; 
but when we come to many of the minuter 
organisms, though their germs are unquestionably 
proaent, they are not so easily identified. 

We may ask what the facts are upon which these 


statements rest, and the reply comes from a thousand 
quai-ters. We learn that the conclusions arrived at 
are the only ones to which the facts can lead us. 

This is not the time or place to do more than 
summarise a few of the results of the exi^eriments 
of Pasteur, Tyndall, Roberts, Dallinger, and others, 
nearly all of which teach the same truth — viz., that 
when solutions of animal or vegetable substances 
have been exposed to such high temperatures as 
destroyed all traces of animal and vegetable life, if 
the air were allowed to obtain free access to such 
solutions they were speedily re-peopled with objects 
similar to those which had disapj^eared. The atmo- 
sphere was, in such cases, the only medium through 
which these minute organisms were re-introduced into 
the solutions. A rotting ai)i)le is allowed to remain 
neglected in some comer of a closet, and there springs 
up from its decaying surface a crop of one or more 
forms of Mould. Two such apples, obtained from 
the same' tree, and otherwise identical in every 
respect, shall be similarly exposed in two dilferent 
closets; the one may become covered with one 
species of Mould, and the other with a different one. 
Such difierences as these have been obsen*ed to 
result in the case of experiments conducted within 
a few inches of each other, and can only be ex- 
plained on the supposition that the germs of various 
species of Mould were floating in the air, and that 
some of one species fell upon one apple, whilst those 
of a difierent species reached the other. These spores 
are so. exceedingly minute and light, even when 
freshly gathered from their parent plant, that they 
float before the breeze with the greatest readiness ; 
but when dried up — a process which they are capable 
of enduring without any loss of their vitality — they 
become almost imponderable : hence feeble atmo- 
spheric currents are capable of carrying them into 
the most remote and sheltered corners. That they 
mingle freely with the visible dust is shown by the 
observations to which I have refeired ; though it 
is difficult, perhaps impossible, to identify the spores 
of these Moulds and other fungoid plants with abso- 
lute certainty, since objects that are not distinguish- 
able from them are also readily caught in the 
glycerine traps to which I have referred. 

But yet smaller germs have been shown by Dr, 
Tyndall, Dr. Dallinger, and others, to abound in 
the air. The microscope reveals the presence in de- 
composing animal and vegetable solutions of myiiads 
of those lowest forms of plant-life known by the 
names of Bacdllua^ Vibrio^ Spirillum^ Bdctervum^ 
&C. It is impossible to determine wi|h certainty 
whether some of the reproductive germs in question 
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are those of plants or animals; besides which, these 
germs are so minute that, though they can be 
measured, and their diameters can be represented 
by fractional symbols, such symbols convey little or 
no definite idea of their actual minuteness to the 
human mind. Most of these germs are alike hann- 
less to man and beast ; but it is not so with all. 
One form, when introduced into the blood system 
of the mouse, brings on what is tei*med splenic fever, 
which destroys the animal in forty-eight hours. 
Similar ones produce another disease in the pig. 
These are accurately ascertained facts, rendering it 
extremely probable that many of the diseases from 



Fig. 2.^mat on Maize. 


which the human mce suffers are brought about in 
the same way. We know already that such is the 
case with some skin diseases — for though absolute 
contact is necessary to convey the contagion in 
some of them, in others the evil springs iip so inex- 
plicably as to make it extremely probable that the 
germs generating the disease are derived from a(?rial 
soui'ces. It is the introduction of similar geims that 
mokes milk go sourand exposed blood become putrid. 

When we turn from the diseases that affect the 
animal to those seen in the vegetable world, we 
discover that similar phenomena are of common 
occurrence. The destruction of our potato crops, 
some thirty or more years ago, and the wide- 
spreading mischief that played such liavoc amongst 


the vines in the wine producing countries before 
the discovery of the beneficent power of sulphur to 
control the evil, are well- 
known examples of the results 
of spores floating in tlie atmo- 
sphere. Still more familiar 
illustrations of the same thing 
are seen in the case of the 
diseases of wheat and oats 
known as Rust and Smut. 

The germs of the plant pro- 
ducing the former disease are 
produced on the leaves of the 
barbeiTy ; but they can be 
made to geminate only on the 
ears of wheat, to which they 
have to be conveyed by the wind and other agen- 
cies. The black Smut of tlie oat is another 
example of vegetable dust freely carried by the 
wind, and germinating when reach- 
ing plants similar to that on which 
it was developed (Figs. 2, 3, and 4). 

The disease known as Hay Fever, 
from which many j^ersons suffer so 
seriously in spring-time, is supposed 
by many to be another of the re- 
sults of the prevalence of vegetable 
dust in the atmosphere. It is siij)- 
posed to arise from the minute 
pollen gi'ains detached by the wind 
from the anthers of the numerous 
grasses which bloom at that season. 

This hypothesis iweives some sup- 
port from the fact that sufferero 
from the disease fi’equently obtain 
relief by hiding themselves in the 
low^t and most central paris of 
our large cities, where no hawthom 
scents the breeze, and where waving 
meadows are alike out of sight and 
out of mind. 

Pollen of other plants, in which 
the male and female structures aro 
found on different individuals, is 
doubtless, in some cases, conveyed 
by the wind, though in all proba- 
bility the effect of the vegetable 
dust thus conveyed through the air ^ 

is but small compared with that 
carried from tree to tree through the more dii’ect 
instrumentality of honey-loving insects. 

There is one form of dust of a peculiar kind 
which must not be left unnoticed. That is the 
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•dnrt of the miorosoopist’s study, whidi in more than 
one iustsaoe has vitiated the trustworthiness of the 
observations of some of our most distingtiished men 
c£ scienoe. Every microscopist is familiar with the 
minute siliceous vegetable oiganisms known as Biato- 
tnacete (Fig. 5). There is hardly one observer who has 
not delighted in their practical study at one i)eriod 
or other of his career. Being very minute, as well 
as very light, they float freely in the atmosphere of 
the laboratory, and find their way into places whei’e 
they are not wanted. Ehrenberg announced that 
he had discovered these objects amongst the marine 
foramiuiferous organisms (Fig. G) that constitute 
the ordinary chalk of this country ; but though in- 
numerable observations have since been made xijm 




Fig. 5. ^Diatoms. 

this chalk, none of Ehrenherg s sncceasoi's have been 
able to verify the distinguished Prussian's alleged 
discovery. Thex*e is no doubt but that the atmo- 
sphei*e^ of his study was laden with these minute 
Diatoms, and that in preparing his specimens of 
chalk for microscopic observation some of their 
siliceous fmstniles found their way intrusively into 
his pi*epai*ations. It is only in this way that 
another alleged discovery can be accounted for. 
Count Castracane, some time ago, announced his 
discovery of numerous forms of similar Diatoms in 
the incombustible ash left after treating coal with 
beat and various chemical re-agents. Several other 
observers, whose competency is beyond question, 
have I'epeated Lis observations and accurately 
adoiited bis methods. But one and all have failed 
to detect the slightest titice of these Diatom's. I 
have little doubt but that the explanation of these 


discrepant observations is to be found in the pecu- 
liar atmosphere of the Count's study. It will be 
1‘emembei*^ that after Professor Tyndall had con- 
ducted a series of observations on the development 
of minute germs in previously heated fluids with 
jxerfect success, the atmosphere of the place became 
so laden with these germs that no amount of 
care sufficed to exclude them from the tubes within 
, which he was carrying on his observations. On 
removing his apparatus to the purer atmosphere of 
the Kew Gardens, be had no difficulty in obtaining 



the same satisfactory results that he had previously 
obtained at the earlier stages of his investigations 
in his labomtory in Albemarle Sti^eet. 

Ehrenberg made one series of observations afibrd- 
ing results which are probably not capable of a 
similar explanation. He found that the layers of 
volcanic Tufa which overlaid some of the Vesuvian 
buried cities contained numerous Diatoms. This 
Tufa had once been in the condition of %'olcanic ash, 
the finer particles of which are not unfrequently 
carried thi'ough the air by the wind hundreds of 
miles away from the volcano whence the dust 
originated. It seems more than probable that in 
this instance the siliceous organisms had been 
conveyed into the interior of the crater by means 
of the sea-water, which is now recognised as 


378 


SCIENCE FOR ALL 


fiMjring 80 important a part in tho disturbances 
connected with w>lcanic eruj>tion8. The fact that 
Ehrenberg found similar organisms in the pumice 
recentlj ejected from existing craters seems to 
support the explanation referred to> But, what- 
ever may have been the way in which the 
Diatoms reached the interior of tlie crater, there 
uppers to be little reason for doubting that their 
siliceous cell-walls do sometimes form an integral 
pat*t of the volcanic dust discharged from its fiery 
gorge. 

1 have thus far said little about the animal con- 
stituents of 
dust; never- 
theless, such 
undoubtedly 
exist. There 
is no ques- 
f on that the 
germs of 
many of the 
lowest foms 
of animal life 
are as capable 
of being drie<l 
up, and of 
being trans- 
ported by 
aerial cur- 
rents, as are 
the vegetable 
organisms to 
which I have 
already re- 
feired. Many 
of the minute 
Monads de- 
scribed by 
Dal linger 
and othei's 
are found under circumstances that can be ex- 
plained only on this supposition. Besides which, we 
have demonstrative evidence that the sediment 
accumulated in the gutters and spouts of our house- 
roofs abounds in Rotifera (Fig. 7), objects having a 
far higher organisation than these Monads ]x>ssess. 
Baked up during protracted seasons of dryness, this 
sediment is blown hither and thither, and yet 
the organisms which are mingled with and form 
a part of it do not perish. The well-known 
3ase of the highly-organised Rotifer vulgaris^ 
or common wheel animalcule, affords the best 
example of this tenacity of life. How great this 


tenacity is may be realised from the following ' 
fact:— Some years ago I received from the Rev. 
Lord Sydney Godolphin Osborne a small pill-box 
filled with impalpable dust. It had been in his 
lordship’s possesi^ion in a dried state for some 
months before he sent it to me. On putting a 
little of this dust under the mici-oscope, and adding 
a drop of water to it, it soon underwent a marvel- 
lous change. At first it appeared to be wholly 
comix)sed of inorganic pai'tioles, but in less than 
a minute some of these particles began to move, 
and in about a coujJe of minutes more the water 
abounded with fully-grown and unmistakably 
hungiy examples of the wheel animalcule. In that 
brief })eriod their dried-up tissues imbibed moisture, 
swelled out to their normal form and dimensions, 
and every organ of their bodies was seen actively 
]>erforming its destined functions. The cilia of their 
wheel organs were in full play, and in a very few 
minutes more their stomachs were becoming gorged 
with the indigo and carmine 'with which I fed them. 
It might be urged by some honest doubter that 
these creatures had emerged from eggs that endured 
the process of being dried up with impunity ; but 
such was certainly not the case. The eggs of these 
Rotifers are large and easily recognised ; besides 
wliich, the young animal that first emerges from the 
ovum requires a much longer time to develop into 
its matured form, than elapsed between my adding 
the drop of water to the dust and the perfect 
expansion and full activity shown by every organ 
of these Rotifers. The dry dust in question con- 
tinued to exhibit these results for nearly six months 
after it came into my possession ; but nature had 
its limits of endurance. After six months had 
elapsed I failed to discover any traces of life in the 
contents of my pill-box. 

Recent experiments have demonstrated that one 
form of dust is calculated to add seriously to one 
of the most destructive forces that overtakes large 
bodies of the men who minister to our daily wants. 
For some time past attention has been drawn to the 
inflammability of fine coal-dust. Like the Lyco- 
podian six)res long employed to produce, by their 
instantaneous combustion, the effects of lightning 
when such effects were required for dramatic pur- 
poses, coal-dust, when sufficiently fine, proves to be 
remarkably inflammable. The galleries of dry 
coal-mines abound in dust of this character. Though 
originating in special portions of the mine, the 
powerful currents of air required for purposes of 
ventilation necessarily diffuse this dust throi^ 
the workings. So long as the atmosphere undergoes 
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Fig. 7.— Rotifera. 

U) Botifer yulgiurit ; (B) Bracbloos. 
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no distufbanoe beyond vhat ia produced by these 
ventilatiiig currents, no material mischief is done 
by the dust; but when explosions of fire^mp 
occur, it is mora than probable that the terrible 
destructiveness of the inflammable gases is seriously 
increased by the sudden combustion of the particles 
of coal-dust floating in the atmosphere of the mine. 
Mr. Robert Scott, Secretary to the Council of 
the Meteorological Office, has presented to the 
Royal Society two memoirs illusti'ating the eflects 
of explosions occurring in such a mixture of coal - 
dust and atmospheric air. His experiments de- 
monstrate how seriously the coal-dust adds to the 
force of the explosion, and lead him to conclude that 

where there is no coal-dust in the gallery the 
flame of the fire-damp explosion does not extend 
further than from seven to nine feet from the 
bottom of the explosion chamber. When the 
gallery contains coal-dust, on the other hand, on 
the floor and on the shelves referred to, and when 
it is filled with the return air of the mine, the 
explosion traverses its whole length, and shoots out 
into the air to distances varying from four to fifteen 
feet. The flame of the fire-damp explosion is thus 
magnified ten times by the presence of the coal-dust 
and the return air.” Of course, the measurements 
mentioned in this quotation from the abstract of the 
second memoir presented to the Royal Society refer 
to the ingenious apparatus by means of which 
Mr. Scott conducted the experiments recorded in 
his paper. 

One more curious form of dust may be mentioned. 
For some time after Bruce’s return from his cele- 
brated Abyssinian travels, a tradition floated 
through society that his party, penetrating an 
Abyssinian forest, bad forced their way through a 
grove of dried Euphorbiae, and in doing so had raised 
such a dust that the entire party sneezed incessantly 
for three subsequent weeka The exaggerated 


rumour was not without a foundation. Bruce 
indicates the tree by its native name of the kalgudl, 
and says of it : — When the tree grows old the 
branches wither, and in place of milk the inside 
appears to be full of powder, which is so pungent, 
that the small dust which I drew upon striking a 
withered branch seemed to threaten to make me 
sneeze to death. The touching of the milk with my 
fingers excoriated them as if scalded with boiling 
water.” It may be added that Sir Joseph Hooker 
found in Morocco a sneezing plant ” {Eupliorhia 
reamifeTa)^ which secretes a caustic juice, that 
hardens into a gum. “The people who collect 
the gum are obliged to tie a cloth over their 
mouths and nostrils, to prevent the small dusty 
particles from annoying them, as they produce 
incessant sneezing.” Sir Joseph’s description ol 
this plant*, shows that it is either identical with, 
or closely allied to, that figured by Bruce in 
his wm:k, as subjecting him to a similar sneezing 
process. 

Enough has probably been said to demonstrate 
how varied a material the dust of the earth is, and 
how little we need wonder that it lias latterly been 
credited with the power of producing hitherto un- 
expected results. In this respect the progress of 
time has led to the substitution of true fof false 
ideas. The old Romans bad their notions as to 
what dust could do. Thus Pliny says, in his 
“Natural History:” — “Dust, too, is productive of 
worms in wools and cloths, and this more especially 
if a spider should happen to be enclosed in them : 
for, being sensible of thirst, it sucks up all the 
moisture, and thereby increases the dryness of the 
material.” Dust, as our cleanly housewives can 
certify, has sins of its own to answer for ; but it 
was too bad of the, old Roman to lay the mischief 
done by our clothes and curtain-eating TineidcB at 
its door. 


A PIECE OP ROCK SALT; 

Bt David Bremnek, Author op “The Industries op Scotland.** 

T hough man derives his chief supply of food the greater part of the earth, and stored in untold 

from the animal and vegetable world, there is quantities in the waters of the ocean. Here is a 

one condiment that is considei*ed a necessaiy of his piece of the mineral in its rock form. It is almost 

existence for which he is indebted to the mineral as heavy as a bit of sandstone of similar bulk, re- 

kingdom. That is salt, chemically chloride of sembles alum in hardness, and is of a dirty I'ed 
sodium, or, as more modem chemists style it, sodium * Hooker and Ban : ** Journal of a Tour in Marocoo and 
chloride, a substance abundantly distributed over the Great Atlaa/* p. 388. 



480 


SCIENCB FOE ALL. 


colour streaked with transparent white veins. We 
might have chosen a purer sample, but the impurity 
gives us an opportunity of explaining that only a 
small proportion of the beds of rock salt which have 
been opened up have been found free from an ad- 
mixture dc foreign substances* Were we to analyse 
this specimen, we should find that its colour and 
diilness are due to the presence of iron-rust (p. 41, 
VoL II.), sulphate of lime, and probably some clay. 
Other samples might differ in colour, and yield 
potassium chloride, calcium chloride, and magnesium 
chloride. Even in the refined salt some of these 
substances are present, but in minute quantities. 
The crystalline structure of salt is almost obliterated 
in the rock form, and if we chip off a piece it will 
be observed that it presents a foliated or fibrous 
texture. The outside of the lump is moist to the 
touch, owing to the affinity for moisturo of some 
of the alien ingredients. Pure chloride of sodium 
retains a perfectly dry surface, and a remarkable 
property it possesses is that of fi'eely allowing 
the passage of heat rays. Of 100 rays of heat a 
slab of clear rock salt will transmit ninety-two, 
while plate-glass transmits only twenty-four, and 
clear ice none at all. This fact is of great value to 
the scientific experimentalist. 

Deposits of rock salt occur in various parts of 
Europe, the most extensive and best known on the 
Continent being in the j^rovince of Galicia in 
Austria, the area of which has been computed at 
over 10,000 square miles. The towns of Wieliczka 
and Bochnia are the iK)ints at which the vast field 
is chiefly worked. Mining operations have been 
carried on for several centuries, and marvellous 
stories are told of the exten^ of the excavations. It 
is said that in one mine the workings are over 
thirty miles in length, and that the salt in some 
places has been cut away so as to form great halls 
n hundred feet in height. In Asia and Africa there 
are numerous saline deposits, and the same can be 
said of America. 

Where have these deposits come from ? Geo- 
logists have long puzzled over this question, and 
oven yet they are not quite agreed on the matter. 
Some attribute them to volcanic agency, but the 
bulk of testimony appears to be with those who 
assign to them a watery origin. It is clear that 
they do not belong to any particular geological 
period, for while the de{x>sits existing to the north 
of the Carpathians are in the formations of the 
Tertiary Epoch, those in this country are in the 
Permian and Triassic, and those in America appear 
a long way farther down the scale. In proof of 


the theory that the salt was precipitated from water 
surcharged with saline matter, it is pointed out that 
such a pix)cess is now going on in tlie. case of the 
Dead ^a, the Caspian, the Sea of Aral, and other 
land-locked bodies of salt water, in all of which salt 
is being deposited as the proportion between the 
bulk of the water and the. saline matter introduced 
by tributary stroams is changed to favour that 
result. ♦ 

But we must return to our particular piece of 
rock salt, and give some account of its birthplace 
and surroundings, which, being within the boidere 
of the United ^ngdom, have a special interest for 
us. .It came from the great saliferous beds that 
underlie the valley of the river Weaver in Cheshire, 
the chief source, not only of the salt used as food, 
and in the chemical manufactures of this country, 
but of much that is consumed in other parts of the 
.earth. There are deposits of salt in Worcestershire, 
Staffoi'dshii’e, several of the northern counties, and 
in County Down, but these are insignificant in 
comparison, and yield only a fraction of the quantity 
drawn from the Cheshire field. The latter has an 
area thirfy miles in length by from ten to fifteen 
miles in breadth, and at its richest part it con- 
tains two great layers of rock salt, the upper 
of which is from eighty-four to ninety feet in 
thickness, and the lower from ninety to 170 feet. 
Over this great mass of mineral stand the towns of 
Korthwich and Winsford, the chief seats of the salt 
industry. It is only two centuries since the minerel 
in this locality was discovered, though salt had been 
made from the brine springs and pits from time im- 
memorial. As the upper stratum of rock contains 
a considerable proportion of earthy impurities, the 
mines sunk into it were for the most })art abandoned, 
when the existence and purer quality of the lower 
stratum were revealed, and the mining now in 
pi’ogress is chiefly confined to the centre of tlie 
latter, where there is a layer of compamtively pure 
salt from twelve to fifteen feet in thickness. As 
this gets worked out, of couree, there will bo a 
falling back upon the portions of the deposit at 
present neglected. 

The Marston mine at Northwich, to which 
visitors are readily admitted, is one of the most 
extensive in the district, and is a highly interesting 
sight. It has been excavated to a height of sixteen 
feet over an area of about forty acres. The roof is 
supported on huge square pillars of the native rook 
left at regular intervals of about ten or twelve yards 
by the excavators. Both roof and floor have been cut 
• See * Sdenoe for All/» VoL H., p. 28. 
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{evel, and the latter is covered with a coating of 
pulverised salt, as dry and as easily disturbed as the 
dust on a macadamised road on a fine summer day. 
The air is dry, sweet, and cool, the temperature 
from one year’s end to the other varying little from 
63® Fahr. Even in the feeble light afforded by the 
few candles carried by a group of visitors and their 
guide, the surfaces of the pillars and roof display 
most beautiful effects, and at many points appear 
to be encrusted with gems. Like the sample we 


visitors coloured lights are ignited by the guide, 
who for that purpose removes to a distance of a 
hundred yards or so. Tlie effect of the light is 
magical. It reveals for the moment the vastness of 
the subterranean chamber, and brings out the 
pillars in full relief. The beauty which even the 
candle rays enabled one to discover is now intensi- 
fied a hundredfold ; and a person of an imagiuatiN’e 
turn of mind might well suppose that he was enjoy- 
ing the splendour of the scene of Aladdin’s adven- 



Fig. 1 — IiniBRZOR OF A Salt Mins. 


have before us, the rock is of vaidous hues, passing 
from deep red to transparent white, with here and 
there a touch of yellow. An examination^ of the 
roof reveals a striking peculiarity in the formation 
of the salt rock. It appeal’s to be composed of 
masses of varied figure, and of different sizes, and 
has the effect of an irregular species of mosaic work. 
The outlines are in some cases circular, in others 
oval, but for the most part pentagonal, and the 
separate forms measure from two to twelve feet in 
diameter. The boundary line of each block is com- 
posed of a streak of white from two to six inches 
wide, and inside this the mass generally becomes 
darker towards its centre. For the delectation of 


tures. Tlie play of the light among the pillai’s is 
especially striking; long vistas being opened up 
here, and dark shadows thrown athwait; floor and 
roof there, while the vision is bounded by what ap- 
pears to be a bander of darkness solidified (Fig. 1). 

Just as the last of the coloured lights is dying 
out, a terrific peal is heard and a noise as of thunder 
sweeps through the mine, echoing and I’e-echoing 
for several seconds. The alarm which this unex- 
jiected occurrence naturally creates in the mind of 
the unaccustomed visitor is allayed by the explana- 
tion that the noise was merely the report of a 
blasting-charge fired by the mmei*s in the course of 
their operations. The guide having rejoined his 
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party, ail advance is made to the exti’emity of the 
workings, where the miners are engaged, and here 
the manner in wliich our piece of rock salt was 
wi’enched fixim its native bed is seen. As supplied 
for domestic use, salt is a more or less jiowdery 
material, but as it is found here, four hundred feet 
below ground, it is very compact, and requires 
quite as much force and skill to quaiuy as coal. Tlie 
miners attack the face of the rock and cut perpen- 
dicular gi’ooves in it From these they drive bores 
right and left, which they charge with powder, and 
thus blast down the salt To cut it out with the 
pickaxe would be a tedious process, chiefly because 
the minei'al is not stratified, nor does it se])arate 
readily at the veins. 

On being removed to the mine-head the larger 
blocks of salt are picked out and placed in trucks 
for removal to the chemical manufactories, or to a 
seaport for shipment abroad. A large proiX)rtion 
goes to the former, in which it plays an impoi'tant 
part ; and if we elected to send our sample thither 
and follow its transmutations we should witness 
some grand achievements of science and have 
revealed to us the many valuable services which 
salt renders to the arts. The great alkali manu- 
facture of this country, which constitutes the wealth 
of several important towns, has its foundation in the 
Cheshire salt mines. 

Salt and its various products constitute indispen- 
sable auxiliai ies in dyeing, bleaching, paper-making, 
pottery-making, glass-making, various metallurgical 
operations, &c. The chemical designation of salt 
(chloride of sodium) indicates its composition when 
obtained in a pure state, and the first oj^eration of 
the chemical manufacturer is to separate the sodium 
from the chlorine. This is done by treating the 
salt with sulphuric acid (oil of vitriol). As the 
sodium has a stronger affinity for the vitriol than 
for the chlorine, it separates itself from the latter, 
and combining with the vitriol forms sulphate of 
soda, or, as it is commonly called, “ salt cake.” The 
latter is mixed with certain proportions of limestone 
and powdered coal, exposed to a strong heat in a 
furnace, and the result is the production of car- 
bonate of soda, which is easily separated from the 
ash of the limestone and coal. The chlorine on 
being rejected by the sodium in the first process 
allies itself with the hydrogen of the vitriol, and 
forms hydrochloric acid, the fumes of which are of 
a most deadly character. For a considerable time 
the chemical manufacturers allowed this acid to 
'escape into the air, with the result that over a 
wide area surrounding their works no vegetable life 


could exist. This was a constant source of com- 
plaint, and the Legislature had to step in and 
compel the proprietors to seek some means for the 
abatement of the evil. It was found that the ob- 
jectionable valours could be condensed in water, and 
appliances for so arresting it are now in genei*al 
use. From the liquid thus obtained the chlorine 
is extracted by a simple operation, and combined 
with lime to form bleaching i)Owder. But we need 
not go farther into detail on this branch of the 
subject. 

If we allowed our piece of rock salt to share the 
fate of its fellow smaller fragments we should see 
it boiiie off and cast into one or other of a series of 
large open tanks or ponds which are an adjunct of 
each of the salteries. These tanks contain brine, 
and it is frem that liquid that ciystallised salt, for 
domestic, antiseptic, and other purposes, is made. 
Tlie brine is formed by the solution of the rock salt 
in the water of springs or subterranean lakes ; and 
the supply of it appears to be inexhaustible. In 
some parts the brine rises to the surface of the 
ground, but in othere it has to be pumped from a 
depth of two hundred feet or more. The propor- 
tion of saline matter held in solution varies to 
some extent, but for the most part it constitutes 25 
I)er cent of the total weight of the brine, whereas 
the saltest sea-water obtainable contains only 3*56 
per cent. On being dmwn, the brine is allowed to 
flow into the reservoirs referred to, where evajK)ra- 
tion goes on, to some extent, in a natural way. To 
strengthen the brine some of the rock salt is added, 
but usually not more than the fragments that occur 
in mining. 

The salt is extracted from the brine by evapo- 
rating the latter by heat, until a point is reached at 
which the proportion of water is too small to hold 
the mineral in solution, and it becomes solidified in 
the form of crystals. The evaporating pans are 
huge trays of iron boiler-plate, and usually measure 
forty or fifty feet in length, by half that breadth, 
and fifteen or eighteen inches in depth. They are 
supported on brickwork in which furnaces and flues 
are constructed. The quality of salt to be produced 
is determined by the temperature at which evapora- 
tion is carried on. Bay or fisheiy salt, which is 
very coarse in the grain, is made at a temperature 
of 110®; what is known as ‘‘common salt” at 
175 ^’, and “ stoved,” or fine table salt, at 220^ It 
will be obvious from this that the finest quality is 
most rapidly precipitated, and it is usual to devote the 
pans to fishery salt on Sundays, so that a minimum 
of labour is required on that day. In the production 
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of two tons of common salt, one ton of coal is 
consumed ; and a pan of average size is callable of 
turning out two hundred and fifty tons of that 
quality jier week. 

By stooping over the pan the process of crystalli- 
sation may be seen going on. It begins, as already 
stated, when the evaporation has proceeded so far 
that there is less water than is sufficient to hold the 
salt in solution. Little patches of what seems to 
be semi-transparent scum appear on the surface. 
These patches are composed of groups of salt crystals 
which are thus formed on the surface of the brine, 
and sink when they acquire a certain weight. The 
crystals are cubical in form; and when the evapoi-a- 
tion is conducted I’apidly, they arrange themselves 
in a iieculiar way, and form conical or “hopper” 
crystals. The manner in which these are built up 
is shown in Fig. 2, where a represents the first- 
formed crystal floating in the brine, in wliich it 
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makes a depression. Fresh crystals forming near 
are attracted to this centre,, and attach themselves 
to it — first in one row, as in b, and so on, until the 
mass is completed, when it sinks to the bottom 
and makes way for fresh structures of the same 
kind. The crystals are allowed to accumulate until 
the solid matter in the pan is equal to about three- 
fourths of its contents. In the case of the table 
variety, the salt is ladled from the pan into wooden 
moulds, in which it is allowed to consolidate ; and 
on removal from these, it is dried in a stove. The 
coarser salts are deposited on a platform and left to 
drain for some time, after which they are com- 
pletely dried in the stove. 

Owing to the dissolution of the rock caused by 
drawing off the brine, extensive subsidences of 
ground take place at intervals, whereby houses 
are wrecked, gas and water-pipes broken, railway 
and canal traffic interrupted, and pa;^hes of 
valuable land flooded. Loss of life has also been 
caused — the most serioiis about thirty years ago, 
when two cottages and an engine-house were 
swallowed up, and thirty persons perished. The 
wharfs on the Weaver have had to be raised 
repeatedly, and in the lower parts of Northwich 


houses and trees have sunk so far as to be sur 
rounded by water. In the town itself it would be 
difficult to find a bit of wall true to the plummet, 
or a door or window exactly square. Walls are 
cracked and roofs “saddled” in every direction, 
and houses are jxiinted out which have been twice 
rebuilt within forty years, while others are 
miraculously held togetlier by iron stays and other 
devices. Various plans have been tried to coiuiter- 
act the instability of the ground, the most success- 
ful being that according to which the houses rest at 
the street level on great beams of timber. These 
beams fom, as it were, a second foundation for the 
houses ; and whenever signs of subsidence appear, 
the introduction of fresh bricks or wedges lietween 
the beams and the masonry beneath them, keeps 
the upper pari of the building from being wrecked. 
So serious is the effect of the repeated subsidences 
on property, that the owners have, on more than 
one occasion, ap^iealed to the Government to step 
in and piit a stop to the pumping of brine. 

It but remains, ere finishing our chronicle of “ A 
Piece of Rock Salt,” to say a word on the antiseptic 
uses of salt — that is, its employment to jirevent 
the decay of meat, fish, &c. A large quantity of 
the mineral is used in this way, esjiecially in the 
“ curing ” of fish. When salt is ajijilied to fresh 
meat or fish, the juice contained in these dissolves 
it and forms a brine, which is proof against the 
agents of putrefaction. It has also the jiower of 
preserving wood from dry-rot, and this quality has 
long been taken advantage of by ship-builders, who 
steep their timber in biine before incorporating it 
in the vessels. In cases where the wood has not 
been so treated, it is customary for ship-owners to 
take a salt cargo as early as possible after their 
vessels are launched. 

In the beginning of the present century salt cost 
from £12 to £14 jier ton; its price at present is 
barely a twentieth of the first-named sum. In 
Tibet and other parts of the world it is so 
valuable as to constitute almost a currency. 

From the Cheshire field no less than two million 
tons are drawn annually; and for the transport 
of this several hundred vessels ply regularly 
on the Weaver. Some domestic Kilt is still ob- 
tained from the sea, but in this country that mode 
of obtaining it is almost extinct. 
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PROTECTIVE MIMICRY IN ANIMALS. 

By Alfebd Russel Wallace, LL.D., F.L.8., Author of ** The Malay Archifelago,” etc. 


I N a former article (pp. 128 — 137), on the “ Pro- 
tective Colours of Animals,” we endeavoured 
to illusti*ate the purpose and origin of all those 
peculiarities of colouring which tend to conceal 
animals from their enemies or from the prey which 
they wish to capture ; we showed how widespread 
were such coloui'S in nature, and how often it 
happened that what seem showy colours when we 
examine the species in confinement, or when pre- 
served in a museum, are really protective when the 
animal is seen in its native haunts and in the 
attitude it usually assumes when at rest. We 
I’eferred to many cases of special imitation by 
insects of vegetable substances — of leaves or 
flowers, bark or moss — sometimes so wonderfully 
accumte as to deceive the eye of the experienced 
naturalist as well as that of the hungry biixl 
But besides all these, we called attention to a 
totally different kind of protection, always asso- 
ciated with conspicuous instead of protective colour- 
ing. A number of insects (and some of the high(»r 
animals) possess secretions which are so nauseous 
as to render them generally uneatable. This is a 
perfect protection against being devoured, but it 
would be no protection against being hunted, and 
caught, and often killed, if there was nothing to 
distinguish these from the great majority of eatable 
insects. But eatable insects (if soft and defence- 
less) arc almost always protected by obscure or 
green tints harmonising with their surroundings. 
Evidently, therefore, the best way to distinguish 
the uneatable kinds would be that they should be 
of gay and brilliant tints, strongly contiusted with 
their surroundings, and readily distinguishable from 
a considerable distance. Marvellous to relate, this 
is actually the case; and the uneatable insects are, 
almost without exception, gaudily and conspicuously 
coloured. A number of such cases were adduced, 
especially among our native caterpillars, and preofs 
of their non-edibility were given. 

We now propose to de^l with this part of the 
subject more fully, in order to explain what is 
meant by “protective mimicry” — perhaps the most 
interesting and the most wonderful of all the 
phenomena of colour among animals. It is only 
among the teeming forms of life of tropical forests 
that the best cases of mimicry are to be met with, 
and we shall therefore now have to deal with 
objects for the most part unfamiliar to the British 


collector. We hoi^e, however, by means of 
numereus illustrations, to make the subject in- 
telligible to our readers, and especially to such as 
have some knowledge of our native insects. 

Mimicry is the term applied to the phenomenon 
presented by certain species which, being themselves 
eatable, and belonging to groups which are attacked 
and devoured by numerous enemies, obtain pro- 
tection by their close resemblance to some of the 
brightly coloured si)ecie8 which are free from attack 
on account of their nauseous odour or general in- 
edibility. In most cases it is not a general but a 
special resemblance which serves this purpose, 
sometimes carried so far that the mode of flight 
and geneml habits are imitated, as well as colour 
and marking. The most numerous examples of 
mimicry occur among butterflies, but there are 
almost equally remarkable cases among beetles and 
other orders of insects, as well as a few among 
rej)tiles and birds. We will, therefore, first describe 
the groups of buttei*flies which are the subjects of 
mimiciy by other grou^JS. 

In all tropical forests butterflies are abundant, 
and very varied in size, form, colouring, and mode 
of flight. Some fly with great rapidity, others 
have a zigzag, jeiking mode of flight, and many 
such are adorned with brilliant colours. Great 
numbers of Satyridce and Erycinidaj k(H^j) near the 
ground, with a slow hovering flight, and these have 
generally a sober style of coloration ; while many 
of the showy Bi)ecies have their under-sides adorned 
with rich dark marblings, which render them in- 
conspicuous as soon as they settle on a leaf or 
branch. But theie are three great families — the 
DanaidflB, Heliconidse, and Acrajidee — one or other 
of which is everywhere abundant both in species 
and individuals, and which are always remarkable, 
for their beauty or their conspicuousness ; for their 
slow and lazy flight ; for never trying to conceal 
themselves, and never flying high up in the air. 
The under-sides of their wings, too, are always 
coloured nearly the same as the upper, or, at all 
events, never present markings tending to conceal- 
ment. These three families are closely allied to 
each other, and should, perhaps, form sub-divisions 
of one family, and they are believed to be most 
nearly related to the Nymphalidse (to which family 
belong our tortoiseshells and fritillaries), of which 
they are a special development. They all have 
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the cell of the hind-wings closed, whereas in the 
NymphalidsB it is always open; but they a.gi‘ee 
with the latter family in having the fii'st pair of 
legs short and imperfect in both sexes, but more 
especially in the males, and in the pupae being 
freely suspended by the tail 

All three groups have the peculiarity of possess- 
ing a powerful odour, which appeal’s to jiervade 
the whole body. When a specimen is caught and 
jiinched between the fingers, a yellow fluiti oozes 
out, which has a strange pungent smell and stains 
the skin. Tliis has been observed with the 
Heliconidae of South America, the AcroBidae of 
Africa, and the Danaidee of Asia and Australia, 
and it appeal’s to be of a very similar nature in all 
these groups. This pungent yellow secretion is 
very distasteful to birds and other insectivorous 
animals, so that the butterflies in question are 
never ix^rsecuted as othei’s are. Some persons have 
doubted whether birds catch butterflies at all. 
Swallows, however, have been seen chasing white 
butterflies even in England ; but in the tropics 
insectivorous birds belonging to many distinct 
families are much nioi’e numerous, and no eatable 
insects esca|)e them. Mr. Belt, when in Brazil, 
watched a pair of puflT-birds catching butterflies 
during half an hour, capturing many and carrying 
them to their young ; but though numbers of Heli- 
conidse were flying slowly about, the birds neither 
noticed nor made any attempt to catch them. 
Neither Mr. Bates nor myself ever saw these 
butterflujs attacked by birxls, or lizards, or pre- 
dacious insects, though they often n^st exposcjd, 
hanging on the tij)s of h;aves where they would be 
easily captured ; and though the wings of butter- 
flies that have been caught and eaten are often 
found lying in the forest paths, those of the Heli- 
conidae are never found among them. Dragon-flies 
were seen to catch Pieridae in Natal, but never 
the slower-flying Acraeidae ; while among the wings 
of butterflies found under certain ti’ees where they 
assemble to feed on the exuding sap,^ and are 
captured by mantises and other insectivorous 
creatures, no Acrasidae or Danaidae were ever 
found. We may consider it, therefore, to be an 
established fact that these thi’ee groups of butter- 
flies enjoy almost jierfect immunity from attack, 
owing to their oflFensive taste and odour ; and their 
peculiarities of form and colour as well as their 
mode of flight, seem to be so well known to ajl 
insectivoi’ous creatures, that they are recognised at 
a considerable distance, and thus not only escape 
being devoured, but are generally free from all 


pursuit or molestation. No doubt young birds or 
lizaixls sometimes make the trial, but the result is 
so disagi’oeable that they veiy soon learn what to 
avoid. 

The peculiar odour is found in the catei’pillar 
and the chrysalis of these butterflies, as well as in 
the perfect insects, and the result of this freedom 
from persecution is that they swarm in the forests 
to a gi’eater extent than any other butterflies. The 
HeliconidsB of South America and the Danaidse of 
the Malay Islands may always be found, even 
wdien other butterflies are very scarce, and there 
are many i)lace8 where hardly any other kinds can 
be seen. It is evident, therefore, that if any other 
butterflies, belonging to eatable groups, should 
closely resemble any of these inhabiting the same 
districts, they would certainly be mistaken for 
them, and so obtain protection. Wherever these 
gi’oups are found there are such cases of mimicry, 
of whicl^ we will now give some of the more 
interesting examples. 

In tropical America the Heliconidee* are im- 
mensely abundant, about 400 sjiecies having been 
described up to 1871, while, as many new ones are 
discovered every year, the number cannot be noM 
much less than 500 species. They are also, as 
already stated, very abundant in individuals, and 
as all these are, without exception, uneatable, it is 
not surjiiising that insectivorous creatures have got 
to know them well and avoid them. Tliey differ 
wonderfully among tlumiselves in colour, some 
being' black or blue, banded witli yellow or white ; 
others rich 
red, with yel- 
low bands and 
rays ; others ^ 
rich brown 
and yellow 
sjx)tted; while 
an immense 
number have 
transparent 
wings, either 
simply veined 
or delicately 
tinged with 
yellow, brown 
or purplish. 

Y et, amid all Fig. l.— Leptalis theono# (a) } Ithomia flora (b), 
this variety, 

the general form, the style of marking, and the 

* They have now been divided into two families, Helioonidss 
and Danaidee ; but I keep the old nomenclature for umplioity* 
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mode of flight are so peculiar, that 
oven species never seen before are 
recognised at a glance as belonging 
to this family. 

In the same forests are found a 
considerable number of the totally 
distinct family of Pieridee, to which 
belong our well-known “cabbage,” 

“ orange-tij),” and “brimstone” but- 
terflies. Most of these are white or 
yellow, variously marked and shaded, 
but still unmistakably Pierid© ; but 
there is one genus — LeptulU — which 
has more elongate wings than usual 
and a weaker flight, and these vary 
greatly in colour, some being white, 
others yellow or yellow and black, 
while others are coloured exactly like 
the Heliconidie. The wonderful thing 
is, that the resemblance is not general 
but special. The coloured Lepialis does 
not look like a new species of Heli- 
conidfie, but exactly imitates an exist- 
ing si^cies, and always a species which 
inluxbits the same locality* Thus the 
tmnsparent-winged, black-banded Ithoniia flora (one 
of the Heliconidee) is accompanied, at Cupari on 
the Tapajos river, by Lepialis theono'e (Fig. 1), 
which so closely resembles it that it Ciinnot be dis- 
tinguished when on the wing ; while in other jjarts 



Fig. a— Leptalit Egataa (a) ; Meohanitis obsoura (b). 


Fig. 3.— Leptalifi orise (a) ; Methone psidii (b). 

of the Amazon valley distinct species of Ithomia^ 
with omnge-red bands and sj)Ot8, are imitated by 
varieties of this Lepialis* At Ega, on the Upper 
Amazon, the handsome brown-black and yellow- 
banded Mechaniiis ohscura (one of the Heli- 
conidae) is accompanied by Leptalis EgaJma^ 
closely resembling it in size, colours, and mark- 
ings, and both have long yellow antennae (Fig. 
2). Still more remarkable is the large and 
handsome yellow-and-black Metiwne psidii (one 
of the Heliconidse), accompanied by Leptalis 
orise, equally large and very similarly marked 
and coloured ; and in this case both have long 
black antennfie with a yellow club (Fig. 3). 

Tliese are only a few out of many examples 
that might be referred to, but it is necessary to 
see the specimens themselves in order to ap 
preciate the wonderful change that has taken 
place from the usual style of colouring of the 
Pieridee (still prevalent even in the genus 
Leptalis itself) to these richly-coloured and 
strangely-marked fonns. Before going further, 
however, it will be well to show how greatly 
the two groups, Leptalis and Ithomia, really 
differ. The accompanying figures (Fig. 4) show 
the anterior feet, the pupsB, and the larvae of the 
two families Pieridae and Heliconidae. In the 
former the feet are long and perfect, with five- 
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Pi£^.— ( a) Pui)a of Gonepte^ Rhamni ; ( 


jointed tarsi and bifid claws; the pupa is always 
supported by a looped thread, and the larva, or 
caterpillar, is smooth, slightly downy, but without 
spines or processes of ^y kind. In the latter the 

anterior legs 
are short and 
imperfect, hav- 
ing no tarsi in 
the male, and 
only one or two 
joints in the 
female; the 
pupa is always 
freely sus- 
j)ended,witliout 
any brace or 
loop, and the 
larviB are al- 
ways furnished 
with fleshy pro- 
cesses. These 

of Qonepteryx ; (i) Pupa of Danais combined dif- 
iiicxippuB ; (d) Legof Dauois plexippiinp ; (e) 

Larva of Acrsa violas ; (f) Larva of Pontia ferences are SO 
brassicss. 

imj)Oi*tant that 

we may consider the two families to be at least as 
distinct as deer are from goats, or robins from finches. 

Besides the genus LeptaUa^ several other groups 
imitate tho Heliconidce in an equally extraordinary 
manner, A tnuj Papilio (P. pamania^^) has the 
exact colouring of Jleliconim dytia — rich steel-blue 
with yellow bands ; while another most remarkable 
species (/*. zagren^) is richly marked with stri})es 
and spots of yellow, brown, and black, so as closely 
to resemble the Helicoiioid Lycorea atergatis. 
Two genera of Erycinidse {/thomeis and Stalachtis)^ 
and moths of the genera Castnia^ Dioptis, and 
Vericopis^ also resemble species of HeliconidoB in 
their respective districts in an equally remarkable 
manner. 

In all, or almost all these cases, it has been 
observed that the mimicking species are much less 
plentiful than the Heliconidre which they ipesemble ; 
and a little consideration will show us that this is 
essential to the success of the imitation. For if the 
eatable Fieridse and other groups were as abundant 
as the uneatable Heliconidse, insectivorous animals 
would soon find it out, and would systematically 
capture them both, on the chance of getting at least 
one that they could eat for eveiy one that they 
were obliged to reject The fact seems to be, how- 
ever, that the imitating species are usually very 
scarce indeed : often not one to a hundred, and 
sometimes not one to a thousand of the species they 


imitate; so that they are quite secure among the 
crowd of uneatable creatui*es so much resembling 
them. It may be asked, however, why, as they 
have the same ‘protection, they do not increase and 
become nearly as mimerous as the uneatable kinds. 
The answer is, undoubtedly, because their larvce and 
pupce are not protected, and thus suffer great de- 
struction; and this was probably the reason why 
certain species acquired protection by mimicry in 
the perfect state as the only means of escaping 
imi'^ending extermination. It is evident that those 
species which had long and delicate wings and a 
slow flight, and which, owing to the thinning out 
of the laiwfle and pupee, were never very abundant, 
would be most liable to extermination. But these 
long-winged kinds would in form resemble the 
Heliconida?, and any variations of colour tending to 
make them more like any of the species of that 
group would be an advantage. Such varieties 
would thr^refore have a better chance of escape, and 
in a long series of generations some of them might 
at least come to have the wonderful resemblanc(^s 
we now find, while many others, failing to vary 
sufficiently, have no doubt become extinct. 

We will now pass to the African continent, 
where Acrieida) abound both in specicis and indi- 
viduals, while Danaidae, though few in species, 
are still sulficiontly plentiful in individuals. Tlieso 
take th(^ place of the Ileliconidic of South America, 
enjoying the same advantages ; and they are 
mimicked in an equally remarkable manner by 
butterflies of three distinct families — Papilionidte, 
Nymphalidas, and Eurytelidfc; but not by any 
Pieridse, which form the bulk of the mimicking 
species in South America. As an example we may 
take the Acrcea Eurytay a common but remarkable 
butterfly of West Afiica, numerous varieties (or 
allied species) of which are figured in Mr. Hewit- 
son’s ‘‘Exotic Butterflies,^^ Vol. IV., PI. lY., V. 
(Acrrea) ; and in the same volume under Diadema 
(a genus of Nymphalidee), PI. III., are a series of in- 
sects, which it is hard to believe, at fii‘st sight, are 
not also varieties of the same species (Fig. 5). There 
is also a species of Mdanitis (Fam. Eurytelidfie) that 
resembles the same si^ecies of Aofro&a, Another 
species, Acfroda zeUSy has a diffex’ent style of marking, 
being red with numerous black spots, and this is 
very well imitated by another sjxeeies of Diadema 
inhabiting the same districts. 

But the most I’emarkable case known in Africa 
is presented by a true Papilio which, in several 
varieties and allied species, mimics the common 
Danais eclieria with its varieties and allied species. 
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JDanaia Ucherta (Fig. 7, a) is an elongate- winged 
black butterfly with a group of spots, either buff or 



Pig. 5.--Acr®a gea (a) j Diodema Hirce (b). 


white on the front wings, and a broad buffband across 
the hind wings ; varying considerably in different 
parts of South A frica. Another species, Danais nixt- 
mm (Fig. 8, a), is larger and liandsomer, being deep 
black with two very large white 
patches, occupying more than 
half the surface of the wings. 

Yet another species, Danaia 
chrydppm, perhaps the com- 
monest of all, is rich oi'ange-red, 
oordered with black on the hind 
wings, while nearly the outer 
half of the upper wings is black 
crossed by a broken band of 
pure white. The^e three but- 
terflies may be said to be totally 
unlike each other in colour and 
markings, and each of them is 
accompanied by a Papilio closely 
imitating it, which have all been 
described as distinct species. 

A gentleman resident in Cape 
Town (Mr. Boland Trimen), who 
in 1861 published a book on the 
butterflies of South Africa, had his attention called 
to these cases of mimiciy by the papers of Mr. 
Bates and niyself, and especially to the fact that 
very often the females only have profceciive or 


imitative colours. He then observed that all these 
Papilios were, without exception, females, and no 
male specimen was to be found in any of 
the rich museums or private collections of 
this country. He also observed that 
wheiwer these butterflies were found, there 
was also found the large and handsome 
Papilio metope (Fig. 6), conspicuous by its 
pale sulphur-yellow colour, the anterior 
wings black bordered, while the tailed hind 
wings are crossed by a broken black band. 
This insect is as completely unlike all 
the others as possible ; but it was always 
of the male sex, no female being known 
in any collections, and it was only found 
in districts where some one or other of the 
mimicking female Papilios were also found. 
The two sorts were also seen flying together 
and chasing each other, just as males and 
females of the same species often do ; so, 
putting all these things together, he ven- 
tured to announce his belief that all were 
one and the same species. 

On close examination it was found that 
there were many minute points of resem- 
blance between these very different-looking insects, 
and a nuinl)er of entomologists who were already 
acquainted with similar facts in other countries, 
concurred in Mr. Trimen^s view. Others, however. 


Fig*, a— Papilio merope (male). 

strongly opposed it, especially Mr. Hewitson, who 
possessed the . finest collection of biitterflies in 
England. When figuring some of these female 
Papilios in his work on Exotic Butterflies,’* 
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he wrote thus: — <<That the but- 
terflies now figured are all fe- 
males, there cannot, I think, be 
a doubt; but that they are the 
females of P. niero2)e^ as suggested 
by Mr. Trimen, I do not for one 
moment believe/^ And he sup- 
ported his disbelief by what is 
certainly a most remarkable fact, 
that in the adjacent island of 
Madagascar there is a slight 
variety of Papilio which 

has a female almost exactly like 
itself, while nothing resembling 
the other females is found there. 

In order to settle the question, 
Mr. Trimen requested his friend 
Mr. Mansel Weale to endeavour 
to obtain the eggs or caterpillars 
of one of the disputed females, 
and raise therefrom the perfect 
insect. This was done. Mr. Weale 
found eggs and larvae of Papilio 
ceiiea (which was the name 
hitherto given to the female 
wliich resembled Danais echeria)^ 
and succeeded in raising from 
them thirteen butterflies. Of 




Fig. 8.— -Banais niaviuB (▲) ; Papilio inerope p (P. hippoooon [b]). 




these butterflies, seven were males — the well-known yellow-and-black tailed Papilio merope ; four were 

buff -banded females, mimicking Danais 
» echeria (Fig. 7); one was a black-and-white 
female like Danais niavvas (Fig. 8) ; and 
one was a red-winged female like Danais 
chrysippus. Here was positive proof that 
all these strangely different butterflies are 
one and the same species, the females 
mimicking distinct species of Danais ! 

There are several other interesting facte 
connected with this butterfly. The cater- 
pillar is the exact colour of the leaves it 
feeds upon, and is thus piBtected; the 
chrysalis is of a remarkable, broad shape, 
^ ^ so as exactly to resemble a leaflet of the 

same plant, and the under side of the male 
butterfly is of mottled brown tints, and 
when at rest closely resembles a dead leaf. 
The perfect male is subject to the attacks 
of birds, since Mr. Weale saw one actually 
^ captured by a large crested fly-catcher ; 

but they fly strongly, darting up and 
. ' down with great rapidity, and thus no 

^ ^ doubt many escape. The flight of the 

Fig. 7*‘^Danaifi eoheria (a) j Papilio merope p (P. oenea)^ females is, on the other hand, heavy and 
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slow, and while laying their eggs on the proper 
food-plant they are esi)ecially subject to attack. 
We may well suppose, then, that they wei^ 
once near extennination, when some ancestral 
form varied suflSciently to become something like 
one of the Danaidw, and thus obtained the pro- 
tection necessary for the preservation of the race. 
Why the Madagascar form of the species did not 
produce similarly diverse females is not quite clear; 
but it is certain that in such islands as this, where 
the number of species both of 
birds and insects is much less 
than on continents, the struggle 
for existence is not nearly so 
severe. Forests also are denser 
and more extensive in Mada- 
giiscar, and thus offer better 
concealment for insects, which, 
therefore, may not need the same 
amount of extraneous protection 
as on the continent Having 
devoted so much space to Papilio 
merope, we must pass by the 
many other cases of mimicry that 
occur in Africa, in order to notice 
a few of those of India and the 
Malay Archipelago. 

In these countries three genera 
of Danaidse, Danaia, Euplcaa, 
and Idea, are very abundant, 
each having a peculiar style of 
colouring. Lanais has elongate 
wings, and is very varied in 
colour, but is often semi-trans- 
I>arent greenish or bluish-white 
with black strij)es, and often 
suffused with yellow or brown. Euploea has more 
rounded wings, and is usually dark coloui'ed, with 
white bands or spots, but is often richly glossed 
with metallic blue, and very handsome. Idea is 
very large, with thin papery wings of a whitish 
semi-transparent colour, marked with round spots 
or with bands of black. All these forms are closely 
imitated by various species of Papilio and Diadema, 
of which only a few of the more remarkable can 
be here noticed. 

One of the most common DanaidsB in Malacca and 
Borneo is Evjphm midcmua (Fig. 10), the male of 
which has the fore wings of a brilliant metallic blue, 
with faint bluish-white spots, while the hind wings 
'are uniform brownish black. The female differs 
considerably, the hind wings being covered with 
narrow white lines radiating from the body, and 


having a marginal i*ow of white spota This is 
exactly imitated in the two sexes of Papilio para- 
doosa (Pig. 9), which inhabits the very same districts, 
but is, comi)aratively, rare; but the two s^jecies are 
so much alike that I could hai*dly ever distinguish 
them when on the wing. The almost equally 
common Eupkea rJutdarnaiithus is very distinctly 
coloui*ed, with shari)ly defined white patches and 
blue six)t8 on a black gi’ound, very unlike any other 
butterfly except the Papilio camius, which imitates 


it with wonderful accuracy both in markings and in 
mode of flight. In the Philippine Islands the large 
white-and-black Idea leuconoe is closely imitated by 
the fina Papilio idceoidea of the same islands. 

We have here also two examples of female butter- 
flies being modified for protection, so as to be quite 
unlike their males. The male of the very common 
Diademia miaippvs (Fig. 11) is black, with four con- 
spicuous oval white spots margined with glossy blue, 
■^e female is a totally different-looking insect, of 
a rich orange-brown colour, margined with black 
and white, and with a white band crossing the 
black apex of the anterior wings. The idea of their 
being two sexe^ of the same species would never 
strike anyone, and would seem utterly preposterous 
if it were told them for the first time. It is, how- 
ever, undoubtedly the fact, and the female is an 
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Fig. 9.— Papilio paradoxa: male (a), (b). 
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accurate mimic of the excessively common DanaU 
chrydppuB. The male Diadema misippus flies 
rapidly, and often mounts into the air, while the 
female flies slowly and keeps low down; and 8is the 
species frequents open grounds rather than forests, 
she would be in great danger of extermination 
while hovering over the plants on which she lays 
her eggs, and thus has great need for the protection 
gained by her resemblance to the uneatable Danaia 
chryaippua which swarms everywhere (Fig. 11). 



renders necessary. This is a most interesting 
case, as proving the great power of the need of 
protection to lead to modifications of colour in the 
female sex. For purposes of concealment, females 
generally have less conspicuous tints than their 
mates, but when protection can be more readily 
secured by resemblance to species absolutely 
free from molestation, they can acquire distinct 
or even brilliant coloui*s, and such as are genemlly 
characteiistic of the male sex. 

Cases of true mimicry 
among Lepidoptera, such 
7" as we have here described, 

* ai’e almost unknown in 

tenij)erate lands, where the 
forms of insect life are so 
^ ^ X much less varied ; but 

^ , there is one very good 

case in temperate North 
j America, and there are 

also a few in our own 
country. In the United 
" States the handsome red- 



Fig. 10.~Eux>loea midamus : male (a), and female (b). 


and-black Danaia eHfyjjm 
is very common, and there 
occurs with it one of the 
N y mplialidee, Limmitia 
archijfpm^ which closely 
lesembles it in colour and 
markings, and is totally 
unlike all the other species 
of its own genus. The 
white moth, Sfdloaorm 
menthraati^ mentioned in 
our former paper as being 
uneatable, is very abun- 
dant; but there is another 
moth, Diaphora rmndica^ 


The other case is that of a Diadema from the of which the female only is white, which appears at 


larger Malay islands, which, owing to its rich 
metallic blue gloss, had been described, thirty years 
ago, as the male of another species. On close 
examination, however, I found it to be a female, 
while the male is a comparatively dull insect, with 
hardly any blue gloss and much whiter spots. The 
two difler, in fact, just as do the sexes of many 
butterflies, but in a reverse way the female being 
hei'e the more brilliant, the male far less so, for 
which reason I named the species Diadema anonwla. 
The explanation of the anomaly is, that the female 
mimics the male Enplcea midamua with gi’eat ac- 
curacy, and thereby acquires the protection which 
her slow flight and exposure while egg-laying 


the same time of the year, and is much less common, 
so that it is very probable that this species is 
secure from enemies by being mistaken for the 
uneatable kind. Our clear-wing moths of the 
families SesiidflB and .^geriidae are, however, un- 
doubted mimickers, many of the species resembling 
bees, wasps, or ichneumons, as their names imply. 
Spltecia (ymhrcmiformiay for example, imitates the 
wasp, Odymrua antilope (Fig. 12); and the common 
little currant moth, Trochilium tipaliforme^ re- 
sembles a small black wasp, Odynerua ainuatua, 
which is abundant in gardens at the same season. 

Coming to the order Coleoptera, or beetles, we 
find numerous cases of the mimicry of protected 
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by defenceless species. Some extensive groups 
bave an offensive taste like that of the Danaide 













' 'iii^ 



Pig. IL— Diadema misippus : male \Jlj, and female (b) ; Danais dirysippns (c). 

among butterflies. Such are the Eumorphidae and Our illuj 
Hispidfle, and especially many of the Malacoderms, beetles, ^ 
our own red and-black species of Tdepliorus^ bothinha 
commonly called “soldiers and sailors,” being The reasi 
refused by most, if not all, birds. These groups more fre 


f A 




Fig. 12.— Spheda orabroaiformis (a) ; Odynerns autilope (b). 

have all conspicuous colours and fly slowly, and 
many of the species are mimicked by Longicoms, 
a group of beetles which seems to be particularly 


subject to the attacks of insectivorous creatures, 
since a large number of the species have acquired 
protection, either by their colours, 
markings, and inigosities, causing them 
to resemble bark or foliage, or by their 
habits of concealment, feigning death, 
or feeding at night. Another group of 
beetles are protected by the excessive 
hardness of their integuments, which 
I'ender them uneatable to most insec- 
tivorous birds. Such are many of the 
Curculionidie and Anthribidce, and both 
these groups are often mimicked by 
Longicoms in a most perfect manner. 
The most curious example is, perhaps, 
gi ^ that of the Longicoms — Doliops cur- 
^ culionides and D. geornetrica of the 
'4 Philippines, which, both in shajje and 
colours, closely resemble weevils of the 
genus Pachyrhynchus^ peculiar to the 
same islands. This is the more remark- 
able, because the insects imitated are 
marked in a most unusual manner with 
geometrical patterns, and possess the 
most brilliant metaliic colours. The 
Eastern tiger-beetles of Mie genera Col 
K lyrls and Tlieratea are also mimicked, 

, ' the former, by a Longicorn, Collyrodcs 
^ y/ Ldcordairei^ the latter by a species of 

.V Hetcromera, and in both cases the 

imitation is very exact. 

The same group — Longicoms — also 
mimic many other insects which it is to 
their advantage to be mistaken foi. 
Different species resemble bees, wasps 
^ both blue and yellow, saw-flies, ants, 

and tlie strong-smelling Hemiptera. 
Our illustration (Fig. 13) represents one of these 
beetles, which exactly resembles a large blue wasp, 
both inhabiting the same districts in South America. 
The reason why cases of mimiciy occur so much 
more frequently in this family of beetles than 
in any other, is, probably, because their enor- 
mous numbers and endless modiflcations of form 
and stnictui^ offer facilities for natural selec- 
tion to work upon, some of them more or less 
closely approximating to the form and colouring of 
every other family of the order. 

There are also many cases in which distinct 
orders of insects mimic each other. Moths which 
imitate bees and wasps have already been mentioned. 
In the Philippine Islands two very singular cases 
occur. An insect of the cricket family (CondylodcTa 
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tricondyloides) is so exactly like a tiger-beetle of 
the genus Tricondyla^ that so old and learned an 
entomologist as Professor Westwood placed it 
among them in his cabinet, and kept it there for a 
long time before he found out his mistake. An- 



Fig. 13.— Sphecomorpha ohalybea. 


other species of the same cricket family {Scepaaiua 
pachyrhyTichoides) mimics a species of Pachyrhyn- 
chus (P. venu8tu8\ a beetle as totally unlike a 
Tricondyla as it is possible to find. 

We cannot now do more than refer to the 


America belong to the Ciotalidce or Pit-vipers ” 
(of which the rattlesnake is the most remark- 
able), and are known by their broad and almost 
triangular heads ; but there is one genus of 
poisonous snakes in America — Elapa^ which be- 
longs to a totally distinct family, and has a small 
oval head just like many harmless snakes. These, 
therefore, would be attacked and occasionally 
killed by snake-eating birds and quadrupeds, unless 
they had some distinctive mark as a notice of their 
possessing poison-fangs; and they have got this 
mark in a peculiar style of colouring diflerent from 
that of any other snakes. They are all coloured 
with alternate black, red, or yellow rings from head 
to tail, giving them a most elegant and altogether 
peculiar appearance — a distinctive livery pointing 
them out as uneatable, in the same way that the 
Heliconidse are pointed out amid the host of eatable 
South American butterflies. Now, just as the 
eatable sJind defenceless butterflies of the genera 
Lejytalis and Sialachtia have taken on the livery of 


numbers of two-winged fiies which mimic bees and 
wasps,* or the spiders which resemble ants ; but 
we must just mention the Mantis which Mr. Bates 
found on the banks of the Amazon exactly re- 
sembling the white ants it feeds upon, and the 
crickets of the genus Scaphura, ^ 

which accurately mimicked - 

sand- wasps, the reason being : 

that the sand-wasps are espe- 
cially fond of crickets with p M — 

which to provision their nests. 

These defenceless creatxires have, 

therefore, in many distant coun- 

tries, been preserved, by ac- ^ 

quiring the form and colouring V 

of stinging Hymenoptera, car- 

nivorous Ciciiidelidce, or hard- ’ 


the HeliconidflB as a protection, so there ai^e two 
or three genera of harmless snakes which have 
taken on the peculiar livery of those poisonous 
snakes, at least seven or eight species being known, 
each accurately mimicking in diflerent parts of the 
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shelled Curculionidse. 

Owing to the comparative 
stability of the external form 
of the higher animals, and the 
important outward differences 
l)etween the various groups, the 
facilities for the production of 



Fig. 14.— Elap» lemniscatiai (4) ; PUowrcus elapoides (b). 


mimicry rarely exist in their 

case. Yet there are a few undoubted examples of 

very great interest. The chief venomous snakes of 

^ This is often so remarkable as to deceive the best ob- 
servers. One of our first entomologists, Mr. McLachlan, 
informs me that once when out with a party of collectors 
he captured what he took to be a pair of humble-bees, and 
gave them to the late Mr. Frederick Smith, the greatest 
authority on bees, who carefully secured them in his collecting- 


country the particular species of Elaps found there. 
As an example we may name the deadly Elapa 

box; and it was only on reaching home and proceeding 
to set them out that he discovered that they were not 
bees at all, but flies of the genus Volucella, which are para- 
sitic on humble-bees, and are thus disg^uised in order that 
they may enter their nests with impunity in order to deposit 
their eggs. 
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lemniaeatua^ of Mexico, which has broad black 
bands on a red ground, each band divided into three 
parts by narrow yellow rings ; and this very peculiar 
colouring is exactly copied in the harmless Pliocercm 
dapoides of the same country (Fig. 14). We can 
hardly have more wonderful and more conclusive 
cases of warning colour and protective mimicry 
than are afforded by these various species of 
American snakes. 

Birds offer a few undoubted cases of mimicry, the 
most perfect being that of some si^ecies of Mirneta^ 


a genus of brawn orioles, which mimic PhUedon, 
a genus of honeysuckers (Fig. 15). The latter 
birds, it may be remarked, are the largest of their 
family, and are very noisy and pugnacious; they 
are also very plentiful, and will band together to 
drive away crows and even hawks that intrude 
among them. We may presume, therefore, that 
they are generally unmolested, and it would thus 
be of use to any weaker bird to be mistaken for 
them. The orioles, though nearly as large, are 
decidedly weaker birds, and are far less numerous, 
and thus correspond to the general character of 
mimicking species. In the island of Bouru, one of 
the Moluccas, there is a peculiar species of Philedon 


(P. bouruensis), and in the same island a peculiar 
species of JUimeta (M, bouruemia), which are so 
much alike that in a great French work, the 
“ Voyage de L Astrolabe,” the oriole is figured and 
described as a honeysucker under the name of 
PhUedon bouruensial the two birds belonging to 
families at least as distinct m thrushes and crowa 
The manner in which the imitation is effected is 
veiy curious. The Philedon bourmnais, as in 
almost all the species of the genus, has a large bare 
patch of black skin round the eyes ; this is copied 
in the Mimeta bourueyma by 
a patch of black feathers. The 
narrow scale-like feathers on 
the crown of the Philedon are 
imitated by a dark line on the 
broader feathers of HXieMiTneta. 
On the neck of the Philedon 
the feathers are recurved, 
showing their pale under- 
surfaces and forming a kind 
of iniff or cowl which has 
given to them the name of 
friar-birds, and tliis is repre- 
sented by a pale band in the 
Mimeta; and lastly, the bill 
of the Philedon has a protu- 
berant keel at the base, and 
the Mimeta has the same cha- 
racter, though it is not found 
in the allied species. The 
colours of this pair of birds 
are simply brown, darker above 
and lighter below ; but in the 
adjacent island of Ceram there 
is another species, Philedon 
aubcornutua^ which has a great 
deal of ochre-yellow in its 
plumage, and this is exactly 
imitated by the corresponding Mimeta foraten% 
both being confined to this single island. If it 
could be thought that the resemblance in the one 
case might be accidental, and that their occur- 
ring in the same island was also a coincidence, the 
occurrence of another pair in another island rendei*s 
this explanation inadmissible ; but to any one who 
has comprehended the general principles of mimicry 
already set forth, it will be clear, that these are of 
exactly the same nature in the case of these birds, 
and can be explained only in the same way. 

The family of birds which presents the greatest 
number of cases of mimicry is undoubtedly that of 
the cuckoos, the reason being that the species are 



Fig. 15.— Mimeta bouruensis (a) j Phileaon bourueneis (b). 
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all of very v^eak structure and utterly defenceless. 
Many of the true cuckoos are coloured exactly like 
hawks, and this is particularly the case with those 
of the genus Hierococcyx, which are named hawk- 
cuckoos. Dr. Jerdon states that //. variua^ a 
common Indian species, undergoes changes of 
plumage exactly corresponding to that of an Indian 
sparrow-hawk, Micronisus badiua, and that it is often 
mistaken for that species by other birds. Another 
Indian cuckoo (Surniculus dicrurioidea) is black 
with a deeply-forked tail, and is so exactly like the 
common King-crow (Bicrwua nmcrocercua) as to be 
mistaken for it. It is believed that it lays its eggs 
in the nest of the latter bird, and that this is the 
reason of its remarkably perfect mimicry ; but no 
doubt it is also thereby protected from the attacks 
of hawks, as the king-crows are very pugnacious 
and aggressive birds, which attack and drive away 
hawks, kites, and crows, a habit from which they 
have obtained their popular name. In Sumatra and 
Borneo there is a large ground cuckoo (Varpococcyx 
radiatus) handsomely coloured with metallic purple 
and red, so as to resemble the pheasants of the 
country of the genus Euplocamua. 

Among mammalia there are hardly any examples 
of one species imitating another of a different gi'oup 
for the purpose of protection, the best perhaps being 
the curious insectivorous Tupaias of the Malay 
countries, which almost exactly resemble squirrels 
both in their colours and their bushy tails, but 
which belong to a totally distinct order. If this 
resemblance is not accidental it must be for the 
j)urpose of enabling them to approach their insect 
prey under the guise of harmless squirrels. Another 
case is that of the Aard-wolf (Protelea), which has 
weak jaws, and feeds on white ants and carrion, but 
which is coloured and spotted exactly like the 
savage liysena; and it may avoid the attacks of 
the more powerful carnivora, owing to the very 
general fear of the terrific bite of the animal it 
resembles. 

In describing the phenomena of mimicry it is 
diflicult to avoid conveying the impression, that 
there is some voluntary action in the creatures that 
thus seem to disguise themselves in order to be 
mistaken for quite different creatures ; but those 
who have understood the explanation given in our 
fonner paper, of the mode in which ordinary pro- 
tective resemblances have been brought about, will 
not fiill into this mistake. If an Arctic bird has 
become white, and a forest bird green ; if one insect 
is coloured like a leaf, another like the bark it 
clings to, we can easily see that it is only a step 


further in the same process for one insect to become 
exactly like another insect. 

Some persons, however, have objected, that so 
many steps are required in the process of making a 
white Leptalia resemble a highly coloured lihomia^ 
that the chances against the necessaiy variations 
occurring are infinite. It is forgotten, however, that 
both the groups to which these genera belong have 
been undergoing constant changes for countless gene- 
rations. Many Pieridse have dusky, or yellow, or 
red markings, and many Heliconidse have compara- 
tively little colouring ; and if we go back to the re- 
mote epoch when the Heliconidai and Pieridse were 
both much nearer to their common lepidoptcrous 
ancestor, we can have no difficulty in believing tliat 
species of one family might sometimes not be very 
unlike species of the other family. Now if at this 
remote period the Heliconidce began to acquire the 
I)eculiar nauseous secretion which became a pro- 
tectioi> W them, and allowed them to increase and 
vary greatly, and to acquire the brilliancy of colour, 
length of wings, and slowness of flight which now 
distinguish them, it is not improbable that here 
and there one of the Pieridaj should be sufficiently 
like them to be mistaken for one of the group, and 
thus acquire a partial protection. This protection 
would inevitably increase by the simple action of 
natural selection, those variations of the ancestral 
Leptalia or Euterpe having the advantage which 
followed the variations of the ancestml Ithomia or 
Mechanitia^ and thus, in the course of thousands or 
perhaps millions of generations, that close resem- 
blance which we now see would be brought about. 
It must be remembered too, that the imitation 
would be rendered more accurate as time went on, 
owing to the increased acuteness of the insectivo- 
rous enemies of the butterflies. An imperfect 
resemblance w'ould, after a time, be found out, and 
this would lead to the selection and pei’petuation of 
more and more perfect mimicry. It may be asked, 
how do so many species of Leptalia still survive, 
which are yellow and white and not at all like 
Heliconidee ? and we can only give a guess in re^dy 
Many of them are more rapid fliers ; some may have 
different habits, and in some the larvse may have 
better means of concealment and protection. As 
Mr. Darwin has remarked, we can seldom say why 
one of our native insects should be very common 
while another is very rare, and to answer similar 
questions regarding tropical insects is, of course, 
impossible. Our ignorance in this respect does not, 
however, prevent us from acquiring knowledge in 
other directions, and does not in the least affect the 
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extraordinary factH of mimicry, only a small selec- been so carefully studied by several good observers, 

tion of which have here been laid before our readers, that not a doubt remains as to their reality ; while 

These facts are so varied and so extraordinary, they no theory but that of Natural Selection affords — 

occur in so many distinct groups of animals, and in in my opinion — any intelligible explanation of 

so many different i)arts of the world, and they have them. 


THE PHYSICS OF MUSIC. 

By Prof*880r F. R. Eaton Lowe. 

T here are few ears anatomically perfect that accompany the production of those sounds with 
are altogether insensible to the charms of which he is so much enraptured; and the admi- 
music. Its power to soothe or to 
excite, to soften and to refine, to 
move to sadness or to rouse to pas- 
sion, is no mere visionary sentiment 
conjured up by i)oets and musicians, 
but an actual |X)teiitial influence, 
which has been felt and appreciated 
by mankind from time immemorial. 

As education advances, music be- 
comes more genemlly regarded as an 
essential and integral part of it, and 
the ‘‘concourse of sweet sounds,*^ 
from being a source of mere sen- 
suous enjoyment, becomes a subject Fig. 2.— The Sonometer, 

of intellectual study. It is the 

cultivated musician alone, however, who can ration which he feels for his favourite art cannot 
extract from music all the enjoyment it is but be heightened by the knowledge thus acquired 

capable of afford- of the physical laws which operate in its exercise 

ing. and development. 

His disciplined The general laws relating to the propagation of 

ear alone can urn sound through air have already been discussed in 

ravel the intrica these pages (Vol. I., p. 124), so that, in this paper, 
cies of the com- we shall confine ourselves to the considemtion of 
bined counter- those vibrations which, simply or compounded, are 
points, appreciate concerned in the production of those multifarious 
fully the resolu- acoustic effects included under the general term 
tion of chords, music, 

comprehend the Musical sounds are produced by the vibration of 

working out of a strings or wires, in a state of tension, of rods of 

theme, or detect metal or wood, metallic plates or tongues, and by 
the unity of idea air-pulsations within tubes or pipes ; thus we have 
pervading an stringed instruments, as the harp, violin, and piano ; 
entire composi- wind instruments, as the organ, trumpet, and comet ; 

tion. But it is reed instmments, in which a peculiar quality is 

reserved for the imparted to the sound by the vibration of narrow 
physicist to ex- slips or tongues of metal, as the oboe, bassoon, har- 
plain to the musi- monium; and the reed pipes of organs ; and, liistly, 
cian the various instruments of a more primitive character, in which 
Wg. 1.— Marioye’s Harp of Wooden Eodi. phenomena which solid rods or plates — either of metal or wood — are 
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employed, as cymbals, triangles, Marloye’s harp 
(Fig. 1), and the claquehoia of the French, which, 
constructed of glass or metal instead of wood, is 
here known as the harmonica. 

We will first examine the phenomena attending 
the vibration of strings or wires. Such vibrations 
are most readily investigated by means of an in- 
stiniment called a aonometeVy or monochord. It 
consists simply of a string of catgut attached to a 
fixed point, carried over a pulley, and stretched by 
a weight at the other end (Fig. 2). Under the 
string is the sound-board c, which is a hollow box 
canying the pulley and two bridges A and b, the 
latter of which alone is capable of a sliding motion, 
by which its j)osition can be altered at pleasure. 
The string rests upon the two bridges, and it is 
evident that, by sliding the bridge B to or from a, 
we lengthen or shorten the vibrating part of it, 
and thus obtain a note of any desired pitch, in the 
same way as by altering the length of a trombone 
or an organ pipe. The tension of the string can 
be regulated by a proj^er adjustment of the weights 
by which it is stretched. The sound-board is an 
important part of the apparatus; for, without it, 
no musical sound would be emitted by the string 
when set in vibration, as the amount of motion 
communicated to the air by this means alone is too 
small to produce sonorous waves. But the hollow 
box takes up the vibrations of the wire, and, by 
means of its larger surface, they become intensified, 
so that the effect upon the surrounding air is vastly 
increased. To show that no musical sound, but 
simply a vibratory hum, is elicited from a string or 
wire dissociated from the sound-board, we have only 
to stretch such a wire upon two uprights connected 
by a cross-piece (Fig. 3) and to set it in motion 
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either with the finger and thumb or with a violin 
bow. The practical application of the sound-board 
to stringed instruments has been known for ages, 
although the principle upon which its action de- 
pended was not underatood till acoustics developed 
itself as a branch of physical science. 

Without its sound-board, the harp would be 
silent; and the violin, without its hollow case of 


perfectly elastic and well-seasoned wood, would 
be incapable of rendering audible those wonderful 
graduations of tone which distinguish it from alL 
other instruments. The resonant effect of elasticity 
in the wood of the sound-board is best exemplified 
by the comparison between an old violin and a new 
one, or one in which the wood is tenacious and un- 
yielding. The one may be cheap at a hundred 
guineas, while the other may be almost worthless 
except as a toy. The violin may be regarded as a 
sonometer with four strings instead of one, stretched 
by pegs in the place of weights to any required 
degree of tension. The bow used to set the strings 
in vibration .is rubbed with resin to increase its 
j)urchase or hold uix)n their fibres, and thus to 
produce a more i)eifect excitation. Wires ai*e 
capable of vibrating in two directions — longitudi- 
nally and transversely. The first kind of vibration 
takes place when a wire is rubbed in the direction 
of its le;igth, but it is infinitesimally small when 
compared with the transverse, or the vibration 
from side to side ; and this, then, we shall proceed 
to consider. 

When the wire of the sonometer is drawn aside 
or plucked at its middle point and released, it com- 
mences a series of oscillations, its excursions on 
each side of the i)osition of rest being performed, 
as in the ease of the pendulum, in the same time 
irrespective of distance : for the gi’eater the distance 
to which the wire is drawn from its horizontal posi- 
tion, the greater will be the force impelling it, and 
the more rapid will be its vibration. The arcs 
gradually become smaller, the oscillations less 
rapid, and, ultimately, friction and gravity com- 
bine to bring the wire to rest. When a wire is 
made to vibrate, as a whole, in the way just de- 
scribed, the sound it emits is its lowest or funda- 
mental tone. Now let the movable bridge of the 
monochord be moved nearer the fixed bridge, till it 
stands under the middle point of the wire. This 
point can at once be determined by reference to the 
scale engraved on the upper surface of the sound- 
board. The scale is graduated into a hundred 
parts, BO that the bridge in our present experiment 
stands at 60. On agitating the wire, we shall find 
that the note it emits is no longer the same, but 
the octave of the fundamental. The wire now 
vibrates twice as quickly as it did before ; so that 
the proportion between the rates of vibration, a 
note and its octave, is as 1 to 2. Again, move the 
bridge towards A till it stands at 33, or one-third 
of the original length of the wire. The note it 
now gives is of a still higher pitch than before ; it 
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is the fifth above the octave, or the twelfth above 
the fundamental, and thus, by continually shorten* 
ing the string, we obtain notes that become inxh 
portionately more acute, till at length they become 
too shrill to enable us to attach to them any precise 
musical value. In the same manner, by proceeding 
in the other direction and lengthening the string, 
the rapidity of the vibrations is diminished, and 
the notes emitted become gradually graver, till 
they are no longer ai)preciable as music. By 
moving the sliding bridge to difierent |X)ints 
between those Avhich yield the fundamental and 
its octave — tliat is to say, between 1 and 50 — we 
shall discover the lengths of the string which emit 
all the notes of the diatonic scale. These lengths 
are indicated by the fractions idaced below the 
respective notes, as follows : — 

ft 

— <> III. .i.it * . . 


C DEFGABC 
1 t 4 f o’ *!■ 

The length of string necessary to produce the 
fundamental or primary note c is here assumed to 
be 1. The length required to yield the note d 
will then be f of this distance, and so on. But 
we have seen that when a string is halved, the 
mte of its vibration is doubled : so that if we wish 
to show the comparative rates of vibrations pro- 
ducing the notes of the gamut, we must reverse 
the above fractions, thus : — 

C DEFGABC 

1 I i I I I V 2 

The number of vibrations, therefore, necessary to 
produce d is f of that necessary to produce c, and 
so on. This rule is usually stated thus : — The rate 
of vibrations is inversely proportwial to the length 
of the vibrating body. In the piano, instead of 
one wire being employed to produce diflerent notes 
by variation in its length, a number of wires are so 
arranged, that their lengths are proportioned to the 
above series of ratios. This, however, is on the 
assumption that all the wires are of equal thick- 
ness and density, and all pulled with equal tension. 
The thicker the wire, the lower is its rate of 
vibration; and, consequently, the lower its pitch. 
The lower wires of the piano are not only thicker 
than the upper, but their diameter is practically in- 
creased by being bound round with copper, and 
thus, shorter wires than would be otherwise 
necessary can be employed for the bass notes. 
In this way we arrive at the following law ; — The 


rate of vibration is inversely jyroportional to tlie 
diameter. Two more elements i*emain to be taken 
into account before we can determine all the con- 
ditions under which a string vibrates. These are 
tension and density. The greater the force em- 
ployed to stretch the string, the gi’eater will be 
the rapidity of its vibrations ; in other words, the 
rate of vibration is directly proportional to the 
square root of the stretching weight. Suppose, for 
example, a wire, when stretched by a weight of 
1 lb., vibrates 200 times in a second, then we can 
cause it to execute 400 vibrations in the same time 
by applying a weight of 4 lbs. , or treble the number — 
that is, 600 vibrntions*— by a weight of 9 lbs. Lastly, 
tli^ rate of vibration is inversely proportional to the 
square root of the density. Two wires may have 
the same length, tliickness, and tension, but unless 
their density be equal — that is to say, unless they 
have exactly the same amount of matter in the 
same bulk — there will be a variation in their rates 
of vibration, and, consequently, a difierence in their 
musical pitch. Wires of platinum, copper, iind 
iron of the same length and thickness would liave 
difierent weights, their specific gi*avities being 
respectively 21*5, 8*9, and 7*8. The iron wire, 
stretched by the same weight would, therefoi*e, 
vibrate more rapidly than the copper wire, and 
this again, much more rapidly than the platinum. 
The first of these four laws will apply equally well 
to vibrating columns of air enclosed within tubes, 
as an organ pipe, trumpet, or trombone. The 
longer the tube, the deeper is its musical pitch. 
Thus it is that, in the Pandean pipes, and in each 
stop of the organ, we observe the sounding-tubes 
arranged in a regularly diminishing series, termi- 
nating at the treble end in pipes only two or three 
inches in length, and less than half an inch in 
bore. In some of our great organs, as those of 
the Albert Hall, the Alexandra Palace, and St. 
George’s Hall, Liverpool, the gravest sounds are 
produced by pedal pipes thirty-two feet long. 
These pipes excite about sixteen vibrations per 
second, while the shrillest in the treble produce 
3,520 vibrations in the same time. These numbers, 
then, represent the complete range of vibrations 
corresponding to the full musical compass of seven 
octaves. But the human ear is capable of })er- 
ceiving sounds much more acute than any we can 
elicit from musical instruments. Many sounds, so 
shrill as to be produced by 38,000 or 40,000 
vibrations per second, are, to most ears, i^erfectly 
audible. It must be remembered, however, that 
the limit of susceptibility in the human ear 
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varies, like the power of vision, in different indi- 
vidiiala Sounds which are either too grave or 
too acute to be heard by some persons, are dis- 
tinctly audible to others. As each octave is pro- 
duced by twice as many vibrations as the one 
immediately below it, we shall find by continuing 
the geometrical series, commencing at sixteen 
and continually doubling, that we shall get a 
range of rather more than eleven octaves, 
thus : — 


Tliis range of power in the organ of hearing is 
vastly greater than that possessed by the eye. 
Our power of vision is limited to a 
range of one octave only — that is to say, 
from the red end of the spectrum to the 
violet. We know that the spectrum is 
continued beyond these points in each ^ 

direction, but that the eye is not suffi- 
ciently sensitive to render visible the rays which 
are above or below a certain degree of refrangi- 
bility. An ingenious little instrument, called 
the Gal ton whistle, furnishes a good acoustic 
gauge, by which the degree of sensibility in the 
ear to very acute sounds may be measured. The 
whistle may be lengthened or shortened, by means 


loops, or ventral segments, which will continue 
vibrating even when the damper or feather is 
removed. Now damp the string at a distance of 
one-third of its length, and set in motion the shorter 
division. The longer portion will at once divide 
itself into two segments, so that the whole wire 
will be divided into three equal portions, as in 
Fig. 5. Between each segment is a point of 
apparent quiescence, called a node. The difference 
in the vibratory condition of these points and the 
segments themselves may be effectively demonstrated 
by the use of little paper riders. Place one on the 
node c, and another on the centre of each segment. 
The latter will be thrown off, while that on the 
node will maintain its seat. However small the 
agitation of the string at the nodes may be, it is 

A 4 


t ig. 4.— Showing Vibration of String Damped at the Middle. 

of a sliding tube, to the hundredth pari of an inch, c 
so that it affords exceedingly minute variations in b 
pitch, till the shrillest possible sound is reached. If j 
a number of peraons are placed at a distance of e 
a few yards from the experimenter, their relative 
auditory capacity will be tested in a somewhat i 
amusing manner. % 

There are certain phenomena associate with ^ 
the vibration of strings that are as re- 
mai’kable as they are important in a ^ 

musical sense. 

If we damp a string at its middle point 

— that is to say, bring down upon it any ^ 

light substance such as a feather — and 6.— Sh 

draw a bow across one of its halves, 
the untouched half will also be thrown into vibra- t 
tion. Let a b (Fig. 4) represent the string of > 
the sonometer, and 0 the point dami>ed, then on i 
agitation we shall observe two segments known as { 


Fig. 5.— Showing Vibration of String damped at one-third of its Length. 

^hich obvious that they cannot be points of absolute rest, 
angi- for, otherwise, the vibration of the entire wire could 
sailed not be maintained. 

•ustic Again damp the string, at a distance of one- 

L the fourth of its length, and i)luck the shorier division. 

The The longer or untouched portion immediately 
leans divides itself into three equal segments, separated 
by two nodes (Fig. 6). Place paper ridera 

on each node and on the centre of each 

^ segment. These will be thiDwii off, while 

those on the nodes will remain station- 

he Middle. Proceeding in this way, we can 

inch, divide a vibrating wire into any number of ventral 
IS in segments we please, the nodes between them being 

. If produced by the meeting and coalescence of direct 

ce of and reflected waves. 

ative We have seen that the pitch of a note depends 
what upon the number of vibrations per second; the 
intensity of a note depends on the amplitude of the 
with wave producing it. The greater the force applied 


Fig, 6. — Sbowixig Vibration of String damped at one-fourth of its Length. 


to set a string in vibration, the greater will be its 
width of swing, and, consequently, the more power- 
ful will be the impression of the wave upon the 
sound-board. 
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The more force we apply to the key of a piano- 
fo\*te, or the bow of a violin, the more intense will 
be the sound produced, but we do not thereby alter 
the pitch of the note, although, for reasons which 
will presently be apparent, we aflect its quality. 

Having determined the conditions upon which 
pitch and intensity depend, we turn to the con- 
flidemtion of musical qiiality. We commonly, but 
en’oneously, em]jloy the word tom when referring 
to the quality of a musical sound. The term is 
proi>erly applicable to express a certain musical 
interval ; but if we are to restrict ouraelves to our 
own tongue, there is no alternative but to use the 
vague and unsatisfactory term qwality. The 
French woixi tinibre is much less vague, and is now 
pretty genei*ally employed by musicians. Professor 
Tyndall uses the still moi*e expressive term clang- 
tint, derived from the klangfarhc of Helmholtz. He 
justices this on the ground of the complete analogy 
between light and sound. The perception of both 
is due to aerial vibrations affecting differently the 
organs upon which they impinge ; and conveying, 
consequently, different impressions to the brain, the 
real seat of all our sensations. 

As a tint in colour is the visual effect of rays 
having a special and constant rate of vibration, and 
a mixed tint is the result of the super-position of 
rays having different rates, so we may have a simple 
sound and a compound sound, which are produced 
by precisely similar wave-actions ) so that we may 
speak of the tint or colour of a sound with scientific 
propriety, however much opposed the phi-ase may 
l>e to colloquial usage. A i)ure, simple sound is as 
rai'e as an absolutely pure colour ; all natural tints 
are more or less blended ; and every musical sound, 
from whatever source, is more or less compounded. 
To many musical people it will appear strange to be 
told that the pure ” tones of their favourite piano, 
or violin, are not simple, but mixed, and that the 
full and agreeable quality, or tiinbre, of such notes 
is entirely due to the fact that they are chords com- 
prising numerous intervals between the fundamental 
and the fourth octave above it. This will become 
evident from the consideration of what has been 
stated respecting the sub-division of a vibrating 
string into segments which multiply as the point 
agitated approaches one end. 

When a wire vibrates as a whole, there are 
always partial vibrations super-posed upon the 
primary one, and these secondary vibrations give 
rise to tones which, although masked by the funda- 
mental, are nevertheless present, sometimes in 
considerable number. These notes are known aa' 


Harrmnic^, and are called by Tyndall overtones. 
They have also received the name of “ upper imrtial 
tones,” but the first of these terms seems to be the 
most technical, as it is also the one most generally 
employed. The existence of these harmonics may be 
readily demonstiuted. If we strike sharply one of 
the keys of the pianoforte, or, 1>etter still, of the 
harmonium, and listen attentively as the sound of 
the fundamental dies away, we shall distinctly hear 
three or more of the harmonics. Those which are 
most prominent, and cannot fail to be heard by 
every disciplined ear are the octave, the twelfth and 
the double octave. Other overtones are present, as 
the third, fifth, seventh, and tenth, but they are not 
so easily distinguishable. The experiment had better 
be tried with some note below the middle c of the 
instrument, because the higher the fundamental, the 
more acute will be the hamonics, and consequently 
the more difficult will it be to detect them. A good 
plan to follow is to strike first the octave and then 
the twelfth of any note whose harmonics we wish 
to hear, and, when the sound has died away, to 
strike the fundamental. Our ears having thus 
become prepared, we shall the mol's readily discover 
the corresponding overtones. Proceeding in this 
way, we shall find the sixteenth plainly audible, but 
in all cases, the more quickly the finger is removed 
from the key, the more successful the experiment 
will be. The effectiveness of what is called ** touch ” 
in pianoforte playing, depends mainly upon the de- 
velopment of the harmonics. Much light has been 
thrown on this subject by the researches of Helm- 
holtz. To this profound physicist the world owes 
the discovery that the distinction between one 
musical insti*ument and another in respect to 
timbre is due to the presence or absence of certain 
hai’monics. If we could eliminate from the piano- 
forte, harp, and violin their characteristic overtones, 
and leave them their primary sounds only, these 
instruments would be undistinguishable from each 
other. Tlie music of our finest orchestras would be 
shorn of that biilliancy and variety which result 
from an artistic combination of stringed and wind 
instruments, while the reeds of the bassoon, oboe, 
and flageolet would lose their peculiar character and 
become reduced to the same level of flatness and 
monotony. 

Musicians long ago found out how much the 
“tone” of their stringed instruments depended 
upon the point struck, although they were unable 
to give any satisfactory theory upon which the 
determination of that point might be based. 

If we strike the wire of our sonometer hi the 
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centre, the sound it yields is dull and flat ; but as we 
move the point agitated faiiher from the centre, the 
sound increases in brilliancy, although its pitch — 
which, as we have already seen, depends upon the 
length of the wire — ^remains the same. But if our 
wire is plucked too near its end, the number of 
vential segments formed becomes so large that some 
of the harmonics are dissonant, and give a percep- 
tibly disagreeable clang to the sound. Pianoforte 
makers place the hammers of theii* instruments at 
a distance from the ends of the wires of about one- 
seventh of their length, and thereby avoid over- 
tones which would be a source of dissonance. 

Helmholtz has devised an ingenious method by 
which a compound note may be analysed into its 
constituents. Before describing his plan, it will be 
necessaiy to explain what is meant by resonance^ or 
sympathetic vibration. If a tuning-fork is sounded 
in proximity to another of the same size, and yield- 
ing, therefore, a note of the same pitch, it will set 
it in vibration ; in other words, it will respond to 
the first, or resound sympathetically. In the same 
way, an organ-pi^^e of the proper length will respond 
to the tuning-fork, and a cylindrical glass jar having 
its column of air adjusted to the proper length, by 
pouring in water, will resound in a similar manner. 
If one of the forks is thrown out of tune to the 
smallest possible degree by loading one of its prongs 
with a pellet of wax, it will not resound to the 
other, because the eqtiality between the rates of 
vibration is thereby disturbed ; and if the organ- 
pipe is lengthened or shortened by the fraction of 
an inch, or a little more water poured into the glass 
vessel, resonance in like manner will be anni- 
hilated. The term “sympathetic” sometimes 
applied to these resonant vibrations is more popular 
than scientific. It is simply a case of synchronism, 
the vibrations of the I'esonant column being timed 
in exact accordance with those of the tuning-fork 




inches. When the fork vibrates from a to 6 
(Fig. 7), it generates what is called a wave of con- 
densation, proceeding in this case to the distance 
of twenty-four inches. This is regarded in this 
country as half a wave-length, because it is fol- 
lowed by a wave of rarefaction returning from 
B to A ; but in France it is usual to consider it as 
a whole vibmtion. 

If the I'esonant vessel, then, be twelve inches 
long, the wave will just 
reach the bottom and back 
again by the time that the 
rarefied wave commences 
its journey. This perfect 
synchronism produces re- 
inforcement of the sound. 

Upon this principle are 
constructed the “ reso- 
nators” used by Helm- 
holtz in' his analysis of 
compound sounds. They 
are oblong boxes of elastic 
wood with an opening, or 

embouchure, at one end for pjg a-Tunhw-fork mounted 
admitting the sonorous 
wave, and another on the 

top fitted with a flexible tube which m»y be 
applied to the ear (Fig. 8). The internal capacity 
of these resonators is so I'egulated that they will 
severally resound to notes of a given pitcli, and 
to no. others ; that is to say, in a properly gra- 
duated series each will augment a note of its own 
pitch only. 

Suppose, now, we have before us a series of twelve 
resonators adjusted to a given fundamental, its 
octave and ten more of its upper harmonics. On 
sounding, in front of the row of embouchures, an 
organ-pipe of the same pitch as No. 1 resonator, 
we should expect to find all the other resonators 

silent. Instead of this 


on 

for 


24 iNCHas. 

or other sounding body. The 
length of a resonant column is 
always one quarter of the length 
of the wave which sets it in 
motion. Suppose, for example, 
that the length of the sound- 
wave produced by the fork is forty-eight inches, 
then the length of the glass jar must be twelve 


risf. 7. — Sound-Wave 
xrom^ 


i Tuning-fork. 


being the case, however, 

we shall notice, on apply- 

ing the tubes to the ear, 

that resonance is estab- 
' lished in several of the 

other members of the series. What does this 
prove? Evidently, that the note emitted by the 
pipe is not a simple but a compound one : that 
it is, in fact, a mixture of notes, all of them more 
or less feeble in comparison with the funda- 
mental. By this method of analysis twelve or 
thirteen harmonics may be discovered as the 
constituents of many apparently sin^ple notes, 
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especialljr those of the violin, their sncoession being 



Harmonics from the great C, the lowest note of Violoncello. 

In some sounds, as tliose yielded by a tuning-fork 
and stopped organ-pipe, the overtones are so few 
and feeble that, for all practical pur- 
])oses, such notes may be regarded as 
simple. Instances of sympathetic vi- 
bration are more common than is gene- 
rally supposed. It has often been 
noticed that tremors have been set up 
ill a glass shade when a particular note 
has been struck on a pianoforte in the 
same room, while it has remained per- 
fectly unaffected by every other note. 
The mass of air in the shade has been 
of such dimensions that its vibrations 
have synchronised with those of the 
wire, and these shades, and even par- 
ticular panes of glass, have been known 
to be broken by sounds of sufficient 
intensity and properly regulated pitch. 

Let us now examine the aerial vibra- 
tions of wind instruments. The king 
of these instruments is, of course, the 
organ, whether we regard its magni- 
tude, power, variety of orchestral 
effects, or the complicated acoustic and 
mechanical machinery by which these 
effects are produced. The pipes of the 
instrument, which sometimes number 
as many as five thousand, are both oi 
metal and wood, the former being cir- 
cular and the latter square. They are 
inserted into holes in the sound-board, 
or wind-chest, which is a reservoir of 
compressed air received from the bellows 
by means of leaden wind-trunks or con- 
duits. Each pipe consists of a narrow 
conical foot wad a long square or cylin- 
drical hody^ and at the point of attach- 
ment is the mouth, or embouchure, 
which is an opening having a sharp, 
oblique edge a (Fig. 11). Against this 

Kllj.Q.-Vibrar j ^ ' j • xJi 

ting Mem- edge the compressed air strikes as it 

brnne In . ® ^ ^ 

orgnn-wpe. issues in a thin current from a narrow 
slit at the summit of the foot &. The violence 


of the impact sets the air in the embouchure 
into rapid vibration, but if the action were confined 
to this point no musical sound would be produced 
The vibrations are taken up and reinforced by the 
pipe, which acts as a resonator, so that the aerial 
column within is the real sounding body. Now, 
this aerial column vibrates longitudinally like a rod 
free at both ends, and divides itself into ventral 
segments separated by nodes just in the same way 
as the string of our sonometer. We should, thei-e- 
fore, expect the production of a fundamental note 
and its harmonics on the same principle as that 
enunciated in speaking of stringed instruments, but 
under modified conditions ; for here we have longi- 
tudinal, instead of transverse, vibration, and a 
column of air free at both ends iiistead of a string 
fixed at both ends. When an open organ pii>e 
sounds its fundamental note, there is always a node 
in the centre of the pipe and a loop or segment on 
each side of it, because a wave is reflected from 
each end of the pipe, and both meet in the middle, 
jiroducing condensation, which is followed by the 
usual rarefaction on their separation. This con- 
dition of the air within the i)ipe may be well 
demonstrated by the following experiment devised 
by Edward Hopkins, whose work on the organ is so 
deservedly popular. A thin membrane is stretched 
across a cardboard ring (Fig. 9), and suspended by 
a string so that it can be let down into a sounding- 
pipe, or drawn up at pleasure. When a musical 
note is being produced, the membrane will vibrate 
as it descends, but when it has reached a node the 
vibration will cease, because the air at that point 
is at rest. If fine sand is strewn on the membrane, 
it will dance up and down in its passage through a 
segment, but will cease to be agitated on reaching 
the node. On allowing the membrane to descend 
still farther and to pass the node, its vibration will 
recommence, and the grains of sand will again 
resume their dance. If we increase the force of the 
blast, the note will be raised an octave, which con- 
stitutes the first overtone of the pipe. On testing 
the condition of the vibrating air with the mem- 
brane we shall discover that the node has vanished 
from the middle of the pipe, and its place is supplied 
by a segment. In fact, we have now two nodes 
equi-distant from the centre of the pipe, and fowr 
segments instead of two. When the second 
harmonic is sounded, the column will be divided 
into six equal parts, and thus we find the ratio of 
vibration to be expressed by the numbers 1, 2, 3, 
4, &c. We cannot make the same pipe produce 
any intermediate note between the primary and its 
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octave, because, when the aSrial column divides 
itself into two equal parts, the rate of vibration is 
doubled, as in the case of the stretched string. 
Some organ pipes are stopped or closed by a plug. 

Fig. 10.— A Musioal Bead. 

A stopped pipe is one-half the length of an ojien 
pipe yielding the same note, for, as the sound-wave 
is arrested by the plug, that point becomes a node, 
and the rest of the pipe is occupied by a loop or 
segment. Such a pipe cannot be made to sound 
its octave, because the air, when set in vibration, 
divides itself into three segments instead of two, 
and consequently yields the twelfth as its first 
liarmonic. By increasing the blast, we divide it 
into five equal loops, so that the ratio in this case 

is expressed by tlie numbers 1, 3, 5, 7, (fee. The 

harmonics of a stopped pipe are very feeble, and 
the sound it emits, though 
mellow, is destitute of bril- 
liancy and character. The 

most brilliant sounds of the 
organ are produced by reed 
pipes (Figs. 10, 12, 13). These 
are pipes in which the vibra- 
tion is influenced by a reed, or 
tongue of metal, similar to 
those employed in the har- 
monium and concertina (Fig. 
Pig. U.-Monthpieco of iQy form of the 

A. Wooden or jiuePiiK*; b, reed is Seen in the toy called 
a Jew’s harp, while a similar 
vibrating strip of metal is employed in every 
child’s trumpet. The reed used in organ pipes is 
known as the “ free reed.” It is a narrow plate of 



There are other reeds, called beating reeds, which, 
being longer than the aperture over which they are 
placed, entirely close it. Such reeds are employed 
in the clarionet, oboe, and bassoon, and the best 
organs ai*e furnished witli stops in 
imitation of these instruments. The 
distinction betvreen the clarionet and V « 
the flute is, that the former is a Ml 

stopped reed pipe and the latter an open ** 11 / 

one without a reed. The bassoon and 
oboe are supplied with a double reed, and 
the air is blown through a slit between |l■■ 

In tuning instruments, a narrow steel |H| 
bar bent in the form of a U, and called I HI 
a tuning-fork, is employed. The number IIH 
of its vibrations per second is constant, Ir 
and therefore its pitch is invariable. \|l 

Thus the fork yielding the middle a of pjg — 
the piaiiiforte makes 440 vibrations per ^^^d-pipe. 
second, and the c above it 512 vibrations TuniuB. 
per second. The reader may ju’obably wish to know 
how these calculations are made. M. Savart’s 
method is founded on the principle that a musical 
sound is ju'oduced by taps following one 
another with sufficient rapidity and in 
perfect periodicity. His apparatus (Fig. J||||k 
14) consists of a toothed wheel which is *iH|r 
made to revolve rapidly by means of a iHl 
larger wheel. The teeth act against a j 
card, and produce a musical sound. If ® 
we wish to ascertain the number of vibra- 
tions executed by any given note, we bring o,*wire^for 
the sound of the apparatus into unison 
with it. The numl)er of revolutions per second 
made by the wheel, multiplied by the number of 
teeth, will give us the nunibcT of vibrations of 
the card per second. The most perfect instrument 


copper fixed at one end over a rectangular 
aperture, so that when it moves up and 
down it just grazes the sides of the 
- opening without altogether closing it. 
Kie pitch of the pipe is determined 
by the length of the reed, and a bent 
wire (a, Fig. 13), being placed in con- 
tact with it, can be moved up and 
down, and thereby practically lengthens 
or shortens the reed. In this way, reed 
pipes, which are constantly getting out 
of order from changes of temperature, 
can be tuned. They are usually sur- 



Fig. 14.--Sayart*8 Apparatus for determining Rate of Vibration. 
a, Toothed Wheel, acting on Card, b. 


mounted by a conical tube, or hom, to increase of this kind, however, is the Siren, invented by M. 
the intensity of the sound. Cagniatd de la Tour, and improved by Helmholta 
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In this ingenious apparatus, a musical sound is 
produced by a rapid succession of puffs of air. A 
brass cylinder, b, is fitted with a plate pierced by a 
^ries of holes arranged in four concentric circles. 



Fig. 15.*— 1., Cagniard‘8 Siren ; IL, the Double Siren of Helmholtz. 


These holes are pieixjed obliquely, and above them 
is a revolving disc similarly perforated, the obliquity 
of the holes being in the opposite direction, d. When 
air is urged into the cylinder and through the 
perforated plate, it is evident that the upper disc 
will be driven round by the impact of the cuiTents 
against the sides of the holes. An axis (6, Fig. 15) 
is fitted into the disc and revolves with it. Tlie 


upper end of the axis is cut into the form of a 
screw, and its revolution sets in action two dials o, 
by which the number of revolutions is recorded. 
By properly regulating the blast of air from the 
acoustic bellows, we can cause the 
siren to yield any required note. The 
number indicated by the dials, multi- 
plied by the number of holes, gives the 
number of vibrations, or puffs of air, 
in the given time. The four series of 
holes number respectively 8, 10, 12, 
and 16, and these can ^ combined 
in any way by the pegs c, c. If we 
open, for example, the series 8 and 16, 
we shall get a note and its octave, 
whether the pitch be high or low ; or, 
if we open the series 8 and 12, we shall 
have the inteiwal of a note and its fifth. 
By means of the double Siren, which 
has an additional cylinder and disc 
turned upside down and i*evolving on 
the same axis, other intervals can be 
sounded, and the beats^ which always 
occur when notes nearly in unison 
sound together, can be studied. These 
beats may be readily produced by forcibly striking 
on the piano two notes separated by a semitone, as 
c and c sharp. The lower the notes selected for 
the experiment the more violent will be the beats. 
This is a phenomenon of wave interference, the 
swelling and falling in the sound being caused by 
the two sonorous waves alternately reinforcing and 
weakening one another. 


TOUCH. 

By pROFESsoa F. Jeffrey Bell, M.A., F Z.8. 


O N a previous occasion* we have spoken of the 
Hand, and we then dealt especially with its 
structural characters ; the sense with which we shall 
now deal finds, in man at any rate, its highest 
development and its greatest perfection in the self- 
same organ. It is to the combined effects of its 
nerves of sensibility, and of the muscles that 
move its parts that the musical performer owes his 
** delicate touch,” and the artist his lightness of 
hand”; and, again, as it is the organ by which 
we test, by which we weigh, by which we grasp, 
it affords an admirable example of those sensa- 

* “ fnr All yti\ TT.. n. 2^1. 


tions of pressure and of temperature which, when 
associated with what has been well called the 

muscular sense,” go to make up in all its com- 
pleteness the sense of touch. With these divisions 
of our subject we shall shortly deal in some detail, 
but for the moment we will take the skin-covered 
hand as a text for some remarks on the geneial 
apparatus of the sensory portion of the nervous 
system. 

If we press the closed eye-lid on the eye-ball, we 
see a gleam of light ; if a disoixlered system pro- 
duces congestion in some of the blood-vessels ot 
the head, we hear a singing in the ears;” but 
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if we press our finger on a marble, we neither see 
it nor hear it — we /eel it. To translate this 
sentence into another style, thei*e are in various 
parts of the body special ‘‘ end-organs ” for s]:36cial 
senses — for sight, and for hearing, as well as for 
smell and for touch ; and these end-organs, howso- 
ever affected, never I’espond to the stimulus in any 
but one way; they may produce a sensation of 
sight, or of hearing, or of touch, but never of more 
than one, and that one is always the same. No 
better example of this law can be found than that 
presented by those cases in which accident or 
disease has affected the nerve (and it is by these 
that all the end-organs communicate with the 
brain) which supplies the tactile portions of the 
eye-ball ; in less distressing circumstances, a finger 
placed on the eye-ball is, especially if the pi*essure 
be light, immediately felt; but, when the nerve 
in question is afiected, the whole of the eye may 
be passed over by the finger, and all that the 
patient will be able to tell of, will be what he learnt 
by the shadow of the finger passing over the field 
of vision. 

We come next to the question, where axe 
situated the end-organs of' the sense of touch? 
And to this, one answer alone will ever be given 
by those who have undergone any operation in which 
the skin has been cut, — the answer is, that the end- 
organs in question are situated in the skin. But this 
is only to a large extent true, and not altogether so, 
as anatomy itself would tell us, and as our, in many 
cases, daily exiierience quite sufficiently impressed on 
us. It has, in fact, been observed that some of the 
most remarkable of the special sense-organs found in 
the skin are found also in the delicate membrane by 
which the folds of the intestines are held together. 
That some organs — the heart and the lungs, for 
example — are insensible to sensations of touch, 
has been known, at any rate from the time of 
Harvey, whose account of the experiment diflers 
in nowise from his others, in being well worthy 
of quotation. A young nobleman, suffering from 
an abscess on the side of the chest, had the just- 
mentioned organs a good deal exposed. I saw a 
cavity into which I could introduce my fingers 
and thumb. Astonished with the novelty, again 
and again I exploited the wound. . . . Taking 

the heart in one hand, and placing the finger of 
the other on the pulse of the wrist, I satisfied 
myself that it was indeed the heart which I 
grasped. I then brought him to the King (Charles 
L), that he might behold and touch so extraordinaiy 
a thing, and that he might perceive, os I did, that 


unless we touched the outer skin, or when he saw 
our fingers in the cavity, this young nobleman 
knew not that we touched his heart.” Notin;? 
here that all that is stated is to the effect that 
thei'e was no aenaatwi of touchy we may point out 
that the brain and the spinal cord have been con- 
clusively shown to be insensible to this sensation ; 
and, in fine, the sense of touch does not exist in 
any parts where the proper organs for that sense 
are absent. 

Before going any farther into our more proper 
physiological researches, we shall do well to imitate 
all good physiologists, by attempting to get a clear 
idea of the structure of these sense-organs. They 
are broadly divisible into three groups, all of which 
present the following essential characters : — One or 
more nerve-fibres, an outer covering capsule, and an 
internal core of soft, granular matter ; the end^biUbs 
are more or less spheroidal in sha])e, and are oixii- 
narily sei, as in the subjoined figure (Fig. 1), in 



Fig. 1.— End-Bulbs in Papillse. a, from Tongue ; b c, from Lips. 
ib) Bnd-Bulbs ; (n) Nerves ; (e) Oapillarica. 


those elevations of the suriace of the skin which 
are known as papillce. . The touchrbodies {corptiscula 
tcust'As) ai*e nearly twice as large as the. end-bulbs, and 
ai*e genemlly of an oval form (Fig. 2). They are best 
seen in the skin of the terminal joints (phalanffes) 
of the fingers, where they are very numerous — so 
many, indeed, as one hundred having been qbseiwed 
by a German physiologist — but, of couiBe, they 
ai'e not absent from other parts. The third set 
of sensoiy organs are known as the Pacinian 
bodies (pi* bodies of Vater, who gave an account of 
them in the year 1741). These are very much 
larger organs, being, in some cases -^th of an inch 
long. They ai’e attached by a narrow stalk to the 
nerve-branch by which they are sup][>lied; and, 
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as will be seen in Eig. 3, their outer covering 
consists of a number of concentric coats, of which, 
in some cases, as many as sixty have been made 
out by the patience of microscopists, and which 



are separated from one another by small cavities 
containing fluid. Through these coats the nerve 
passes on its way to the central cavity, in which it 
ends by a swollen knob<Uke enlargement. As 
many as six hundi'ed of these curious bodies have 
been found in the skin of the human hand, but 
the most remarkable place in which they have been 

found is the mesen- 
tery (or membrane 
connecting the coils 
of the intestines) of 
the cat. For a time, 
it was thought that 
this distribution indi- 
cated that the cor- 
puscles in question 
were not tactile or- 
gans, but it is now 
known that the parts 
which they supply 
are remarkably sensi- 
tive ; and it has been 
jocosely suggested 
that it is this sensi- 
bility which in dys- 
peptic cats is the 
cause of that noc- 
turnal music by which 
the sleepless are con- 
tinually delighted ; but whether this is their real 
function, or whether they are in some way asso- 
ciated with the springing action of this group of 
animals, is a question on which discussion would 
perhaps easily provoke that sleep for which we 
have before now longed. 



Fig. 8.— Paoiniaa Corpniole. 

(M) Nerve : (Q) Inner Coats; (oZ) Outer 
Goats at Envelope 


As may be easily imagined, the parts ot the skin 
are supplied in various degrees by these end-organs, 
and the extent of this difierence is perhaps best 
shown by the following table, compiled by the illus- 
trious German physiologist, Weber, who obtained 
his results by the following method : — The legs of a 
pair of compasses, to the ends of which small pieces 
of cork were attached, were brought to bear on 
various parts of the body of a blind-folded person, 
and these were brought as near to one another as 
they could be brought while producing distinct 
sensations. The distances thus obtained were ; — 


Point of tongue 

Palmar surface of third phalanx 
Bed Burfaco of lips . 

Palmar surface of second phalanx 
Palmar surface of metacarpus . 
Tip of the nose 
Edge of tongue 

Skin of cheek .... 
Tip of groat toe . . . 

Hard palate .... 
Back of hand .... 
Mucous membrane of gums 
Lower part of forehead . 

Lower paxi of the back of the head 
Skin over knee pan 
Skin over sacrumf • 

Back of foot .... 
Skin over breast bone 
Skin beneath occiput 
Skin over spine, in back . 

Middle of the thigh 


half of a line.* 
. 1 line. 

. 2 lines. 

2 
3 


3 

4 

5 

6 
G 
8 

'9 

10 

12 

16 

18 

18 

20 

24 

30 

30 


>» 

)) 


To put the results in a mol’s general way, we 
may say that the sensitiveness of the skin is 
greatest at the ^xiints most distant from the trunk 
— that is, in the toes and fingere, and that, as we 
approach the more central region, we find this 
sensitiveness diminish. This rule may be earned 
still farther, and we may say that with greater 
rapidity of movement there is greater sensibility, 
inasmuch as it has been observed that the tips of 
the fingers, as compared in sensibility with the 
shoulder, are three times more sensitive than the 
toes, as compared with the thigh. 

To what is all this sensibility due How is it 
that we have any knowledge at all of the bodies 
that we touch or that we feel t These are questions 
which we shall have to answer, but before we do so 
let us obsei’ve one curious point. The more or 
less complicated end-organs, the structure of which 
we have been examining, have for their function to 
inform us as to the characters of the body touched, 
and uiider^ ordinary circumstances they fulfil their 

* A Paris ** line ” u one-eleventh of an English inch, 
t Lowest part of backbone. 
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purpose well enough ; but if we subject these sense- 
organs to ever so simple decepticms, they will easily 
mislead us. For example, let us place a marble 
between the middle and ling fingers, we feel one 
marble; but let us cross the fingers so that the 
inner face of the middle finger comes to be opposite 
the outer face of the ring finger, and let us place a 
marble between the two tips thus arranged ; with 
closed eyes we shall then have the sensation of 
touching two marbles. And why ? Because, under 
ordinary circumstances these two surfaces, the outer 
one of the ring finger, and the inner one of the 
middle finger, do not touch the same object, and 
exjierience has taught us that when these two 
surfaces are touched, there are two distinct objects 
brought to bear upon us. To complete therefore 
cm* Sense of Touch we have need to exercise our 
judgment, and to draw on our experience ; and for 
this purpose there is connected with these end-organs 
a nerve which passes to the brain and delivers 
there the message from the outer world ; and just 
as with imj^rfect end-organs in the eye the colour- 
blind (p. 316) assert against all the world that the 
cherry is groen, so with disordered tactile sensations 
we judge that to hapj>en which the sense of sight, 
when perfect, would warn us against concluding, 
and which under other circumstances would be 
regarded as ludicrous or impossible. It is therefore 
in the brain that we form the ideas of the bodies 
that we touch, and what we call our knowledge of 
the external world depends on the healthy and 
regular play and inteiaction of the end-organs of 
the nerve and the reasoning organ of the brain. 

Let us develop this a little further. Two i)oint8 
of a compass at a certain distance are distinguished 
as two when pressing lightly ; when pressing more 
heavily, as one. A body somewhat larger than the 
distance between the two points gives rise to a 
sensation of a single object Now, it is clear that 
in all these cases a number of difieront end-organs 
are touched, and we have to see, if we can, how it 
is that the rosults are so different ; the ifiatter has 
been so fully worked out in the eye, that we shall 
most easily get to a definite result by briefly stating 
the chief known facts in the case of this organ. In 
it the nervous termination— the retvm — is provided 
with a number of cones, of which the much lamented 
Max Schultze, of Bonn, made out fifty In the small 
space of one-fifth of a millimetre (ten millimetres are 
not as much as two-fifths of an inch) ; using the 
ordinary sign for one-thousandth part of a milli- 
metre, the Greek and knoMnng that one-fifth of 
a millimetre is equal to 200 /u, we see that the 


centre of each one of the cones was distant four /a 
from that of its neighboura. Now, when we 
examine objects placed close to one another, or at 
so great a distance from us as to seem close, we 
observe that when they are, or strike us as being 
within this distance of four they appear to be 
one; and speaking, therefore, broadly, although 
arriving quite fairly at the truth on which we are 
now desirous of insisting, we may supix)se that there 
exist in the brain a/reaa of aenaation which, within 
limits, correspond to those in the retina. But 
against this correspondence we have to put the fact 
that when two neighbouring cones aro stimulated 
they may give rise to one sensation ; and this, as 
it seems, is due to the fact that the biuin, under 
certain circumstances, fuaea sensations ; the varying 
results obtained with the compasses and with the 
single body are now explained, and we have some 
light thrown on the difficulty to which we have 
referred! Even hero, however, the matter does 
not end ; in this as in other afiairs, the biain is 
capable of education, and the skilful touch of the 
blind and the sharj) eye of the astronomer gain, as 
we now know, complimentaiy epithets whicli should 
be rather applied to the sensation-areas in the 
biuin, which are the parts that i>ass judgment on 
the objects that stimulate these eyes and fingers ; 
but it is needless to insist on the power of tactile 
discrimination which can be gained by practice, for 
we all know the value of this sense to the blind. 

The sense of touch seems to be very simply 
developed in the jelly-fish and its allies, inasmuch 
as in them there are organs which on pressure shoot 
out a thread (Fig. 4), by which they are enabled 
to attack the body pressing on them ; and many ot 
these animals are also provided with tentacles, which 
must have a similar function; many worms are 
prorided with stiff processes, and some of these are, 
in a large number of cases, set on long tentacles ; in 
the lobsters and crabs, where the general surface of 
the body is very haid, and in the allied insects (flies) 
various parts, especially the antenn® (feelers), aro 
provided with out-standing i^ods which aro connected 
with nervous swellings. In the vertebrata thero 
is a similar set of organs, and we well know how, in 
ourselves, the tickling of the end of a hair appears 
to increase the tactile sensation ; while the whiskeia 
of the cat, and the beards ” of fishes, are organa 
of just the same type. In the scaled fishes there are 
other curious arrangements, but as they all depend 
essentially on the presence of end-organs, it will be 
unnecessary for us to enter into them in any detail ; 
could no better reason be given, we niight remind 
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ourselves that we have stall to speak of the sense 
o{ temperature, the muscular sense, and of what 
is known as to the laws of the sensation of pressure. 

To this last we will first address ouiuelves. Much 
of what we ever know about matter is due to the 



Fig. 4.— Thread-oellg. {AfUr Moteley.) 
(A) Quidoent ; (B, o, d ) Active. 


effects produced on us by pressure, and it will be 
interesting to see how far this sense really helps ua 
Our estimation of pressure varies in accordance with 
a law which goes by the name of its chief exiK)Bitor 
— Fechner ; and as its most exact formula can only 
be given by the aid of the integral calculus, it will 
be better to take an example. Suppose that we are 
able to distinguish between ten grains and eleven 
grains, but that we cannot distinguish between ten 
and ten and a half grains : or between ten and a 
half and eleven grains ; then we can distinguish be- 
tween ten and eleven pounds, but not between ten 
and ten and a half i>ounds, or between ten and a 
half and eleven pounds. Again, we cannot distin- 
guish between pressures when they succeed one 
another with more than a ceiiiain degree of rapidity ; 
and yet again, when pressure is equally applied, as 
it is to a finger dipped in a quantity of mercury, 
there is sensation only at the ix>int nearest to that 
at which the pressure ceases. Most of us, indeed, 
must know the tiiith of this, for when we have 
dipped a finger into a basin of mercury and moved 
it up and down, there has been felt a sensation of a 
ring as it were moving along the finger. 

The sense of pressure is best brought to perfection, 
when the object of which we wish to know the weight 
is held in an unsupported hand, for we then bring to 


bear upon our judgment the sensations excited by the 
musmla/r sense ; as has been well observed, when 
we want to tell how heavy a body is, we are not in 
the habit of allowing it simply to press on the hand 
laid flat on a table ; we hold it in our hand, and 
lift it up and down. We appeal to our muscular 
sense to inform usof the amountof exertion necessary 
to move it, and by help of that judge of its weight.” 
But we also need the aid of this muscular sense in 
examining the form of a body ; for as we move along 
it, the varying movements of our arm and hand 
help to inform us of its elevation and depressions, 
of its angles or its curvea Yet again, many of our 
experiences show us how closely the muscular sense 
is affected by and affects the more proper sense of 
touch ; a heavy portmanteau held by an insufficiently 
small handle produces sensations of discomfort 
which react on the muscular sense, and we find the 
weight too heavy for us ; a body pressing on our 
hand by its narrowest edge seems far heavier than 
when it presses by its broadest. We associate a light 
body with a small, and a heavy body with a large 
area of pressure, and we adapt our muscles and 
our energies to deal with them accordingly ; and 
here, as elsewhere, what is new is disagreeable, and 
what is unexi3ected is painful. 

The great French physiologist, Xavier Bichat, 
insisted on the value of the combined action of the 
two hands as an aid in tactile sensations ; arguing 
with extreme force from a supposed case of a man 
bom blind who had one hand endowed with the 
ordinary capabilities, and the other incapable of 
bending its fingers, and having a thumb which it 
could not oppose to the digits. Imagine such a 
one having to caiTy a sphere ; by one hand he would 
be informed of its roundness, while the other, touch- 
ing the body only here and there, would give quite a 
different I’eport; rendered thus uncertain, ^Hhe blind 
one would carry it with difficulty ; he would even 
have, perchance, two different ideas as to the form 
of the body. His ideas would be more precise if 
he condemned one of his hands to inaction, just as 
he who squints turns the feeble eye from the object 
that he views, so as to avoid confusion.” Without 
pursuing any further the argumentations of this 
physiologist as to the necessary harmony in the 
action of two symmetrical organs,” we may point 
out that the deep-seated ‘‘bilateral symmetry” of 
all the higher animals seems, from its widespread 
occurrence, to be one of the most important of factors 
in successful^ existence. 

Tlie physiologist already mentioned — Edouard 
Weber — ^has also made some observations on the 
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power possessed by us of judging between different 
weights ; the chi^ interest of which is that they 
throw some light on the processes going on in the 
brain ; which organ is^ as we have already pointed 
out, the final arbiter in all sensations. If a weight of 
four ounces be replaced after ninety seconds by one 
of five ounces, the difference between them could, it 
was found, be correctly judged] but if weights of 
fourteen and a half and fifteen ounces were taken, it 
was found necessary to apply the second weight after 
forty seconda Bearing in mind the greater difficulty 
of discriminating between fourteen and a half and 
fifteen, as compared with four and five ounces, as is 
shown by Pechner*s law, we see that the two cases 
are both of value, as indicating in the first place that 
the brain retains for a time an exact idea of the 
weight pressing on the hand, and that in the second 
place this impression giudually dies away ] so that 
within the limits of the above Jaw, the brain has 
been shown to have so far forgotten a certain sen- 
sation in forty seconds as to be unable to give a 
correct account of a weight not much greater than 
that which produced it, while one, within propor- 
tions twice as great, is remembered for about tv/ice 
the same period. 

Let us turn now to a rapid review of what is 
known as to the sense of temperature. It is very 
curious that the left hand is, in this particular, 
more sensitive than the right. Some importance 
has been attributed to the fact that to the whole 
hand water seems hotter than to a single finger ; 
but if we bear in mind where it is that the ‘‘seems” 
comes in, it will be clear that a large number of 
heated points will produce a greater effect than a 
veiy much smaller number. The following, how- 
ever, is a very curious fact, and our knowledge of it 
is due to that same German observer to whom we 
have had to refer so often ; a cold body feels heavier 
than a hot one of the same weight. It is difficult 
to understand how this is, but the ob^rvation is of 
great impoi*tance as indicating that the sense of 
temperature is closely connected with that^of pi’es- 
Bure. Other series of observations have brought 
out the following points : — Great changes produce 
chill or feverishness by affecting the blood-supply 
of the skin; lesser changes are most accurately 
observed between 27® and 33® on the Centigrade 


thermometer ; below this range, seven degrees are 
as easily recognised as six degrees above it] dif- 
ferent parts of the body differ in sensibility, as we 
all show when we kneel in front of a fire, for tlien 
the highly sensitive lips and cheeks most rapidly 
produce the sensations we desire. So, again, the 
palms ai-e more sensitive than the backs of the 
hands; and the chief charm of seeing a man 
standing with his back to the fire is perhaps to be 
found in the knowledge, gained by ourselves from 
experience, that he so stands because he is not so 
very cold to start wifclL The great difference between 
the sense of temperature and that of pressure 
lies in the fact that the former is relative to our 
own body temperature of a little over 98® Fahr.: it 
is by this that we judge whether what we touch is 
hot or cold, and it is this also which informs us of the 
changes that ar*e taking place in ourselves. But it 
is loirg before we ftd hot or cold that there comes 
into actijn that mechanism by which the skin is 
adapted to fresh, and almost dangerous, conditions. 
Exposed to the Turkish bath, the skin rapidly puts 
itself, by its nervous messengers, in communica- 
tion with the blood-system, the vessels of which 
expand and so allow of that increased supply of 
watery vapour, the loss of which and the vaporisa- 
tion of which are the agents by which the body is 
kept at its proper temijerature ; brought under the 
infiuence of cold, the skin again sends off a message, 
the vessels in it conti'act, and the general tempera- 
ture remains constant. 

While it has been difficult to keep what we 
would say within the prescribed limits, it is now 
difficult to sum up what has been said all too 
briefly ; but we have learnt this — that the sense of 
touch is our most ordinary and useful means 
of communication with the outer world. Its 
most delicate organs are placed in parts which can 
most mpidly and easily inform us of what is going 
on outside ourselves; and they, while impressing 
their lessons on our brains, ai*e also enabled in even 
the lowliest forms to respond with enormous ra- 
pidity to what seems to be danger, and to put the 
animal not only into a defensive but also into an 
offensive position. On another opportunity we may 
be able to develop in greater detail the striking apho- 
rism that “ Touch is the mother of all the senses.” 



310 


SCIENCE FOR ALL 




ANIMAL COLONIES AND CO-OPERATION. 


By Andrew Wilson, Ph.D., F.II.S.E. 


A mongst the many unheeded, but interesting 
forms of animal life with which our ditches and 
l)ond8 teem in the warm summer time, the little 
animals known as Hydroe stand out conspicuously in 
the eyes of the naturalist The interest centeiing 
around the hydree arises not from any characters 
likely to attract the oi*dinai*y observer. These animals 
have nothing to boast of in the way of size — their 
ordinary dimensions exhibiting a quarter of an inch 
as their extent in length, whilst a hydrn half an 
inch long would be regarded as a giant of its race. 
Nor is the appearance of the hydrn at all sugges- 
tive of its mythological namesake of the hundred 
heads which the redoubtable Hercules slew near 
the Lernsean lake. Imagine a little green tubular 
body, about a quarter of an inch in length, attached 
by one end to a bit of water-weed, and bearing a 
mouth-opening suiTOunded by feelei's or tentacles 



Tig. 1.— Hjdra Tiridij—^A) with Embryo ready to detach 


at the other extremity, and you will have sum- 
marised shortly the main features of the hydra 
and its kind, as these features are observable by aid 
of a hand-lens (Fig. 1). Such is the little denizen 
of our pools which we propose to select as the 
subject of a short discourse on animal colonies and 
co-operation ; and even if the result of our investi- 
gations be not over-important, we may nevertheless 


contrive to evolve some interesting facts in natural 
history from a study of 

** The green mantle of the stagnant pool,*’ 
and its inhabitants. 

That tlie hydra is a sensitive being will be 
obvious to any one who touches its body or ten- 
tacles. Both portions of its fmme will shrink and 
contract on the slightest touch. And the purpose of 
this sensitiveness is not hard to discover. For 
when an erratic water-flea, . bustling through the 
waters and jostling its fellows like some self- 
important magnate in higher life, touches the out- 
spread tentacles of the hydra, these little organs are 
folded round the straggling body, and a new relation- 
ship — that of relentless captor and struggling pi*ey 
— is quickly formed. The water-flea will struggle 
violently at first, but will speedily be overcome and 
be drawn towai*ds the mouth of the hydra, and 
thus engulfed. Very noteworthy, however, is the 
stillness which succeeds the first violent efforts of 
the prey to escape. So quickly does its demeanour 
change that we might well conceive its having been 
suddenly paralysed. And so, in truth, the captive 
has been rendered helpless. If we place a hydra 
under the microscope and gently press its soft body, 
we may see numerous little thread-like darts 
emitted from sundry “ cells which are embedded 
in tlie tissues of its frame. These cells ai'e 
named “thread cells,” from the form of their 
contained weapon; and from 
the manner in which they 
rupture and burst on being 
irritated there seems little 
reason to doubt that each 
thread-cell is a miniature 
poison apparatus, calculated 
to paralyse the i)rey. Cells 
of similar nature constitute 
the offensive weapons of 
certain near neighbours of 
the hydm, of which the 
jelly-fishes are the best- 
known examples; and more 
than one unwary sea-side 
visitor or tropical voyager 
has had good and sufficient cause to regret the 
liberality of Dame Natuio in supplying these 
creatures with poiwn-darts of such virulence and 
power (Fig. 4, p. 308). 
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The hydra’s body exhibits anything but a 
complex structure. We have already compared it 
to a tube ; and the comparison is perfectly just. 
The diagram (Kg. 2) will convey an adequate idea 
of the simplicity of the body in question. We see 
that it consists of two layers — an outer, ectoderm^ 
and an inner, endoderm. These enclose a central 
cavity or space, the ftorf^z-cavity, and of this space 
the tentacles or feelers are mere upward prolonga- 
tions. Such is a fair statement of the anatomy 
of a hydra. When food is captured and swal- 
lowed by the hydra, we may thus discover that it 
grasses, not, as in other animals of our acquain- 
tance, into the stomach as the first portion of the 
digestive apparatus. In our hydra the prey simply 
enters the body-cavity, which serves the animal for 
a stomach, and in which the food is duly digested. 
Thus we find illustrated the liberally marvellous 
adaptation by living nature of simple means to 
complex ends ; for in hydra we see a simple 
body-cavity, through the vital properties and 
powers of its walls, temporarily discharging all 
the important duties and functions of a stomach 
and digestive system. 

The aim and end of digestion is, as every one 
must know, to provide a fiuid — ^the blood — for the 
nourishment of every part of the frame. In higher 
animals this fluid is duly prepared in the digestive 
system, absorbed therefrom, and after further 
elaboration transferred to the blood-system, by 
which it is circulated through eveiy part of the 
body. In hydra, a similar result is accomplished 
in an infinitely simpler fashion. The blood pre- 
pared by the digestion of the food simply circulates 
slowly through the body-cavity in which it was 
formed, being wafted, so to speak, by the little ci/ia, 
or lashes, which luie that cavity. The nutrient 
fluid thus comes directly in contact with the cells 
and tissues of the hydra’s body ; by these cells and 
tissues it is duly absorbed ; and the growth of the 
body is thus provided for in a manner as perfect as 
is represented in higher life. Thus much* for the 
general life-history of the hydra ; and to the details 
thus furnished may be added the intelligence that 
no traces of nerves are to be detected in this 
animal, its sensitiveness notwithstanding. Such a 
result is by no means surprising to the physiologist, 
who knows that many plants ai^e acutely sensitive 
in the absence of nerves. But as these and allied 
matters have already been discussed* in these 
pages, we may turn to ‘‘pastux’es new,” and to 

• ” Nerves and No Nerves,” **Soienoe for All,” Vol. I., 
p, 17«. 


sundry features of intei’est connected with the pro- 
duction of new hydr», and with the continuance 
of the hydra-race in time. 

Three methods of increase prevail in hydi’a-life, 
and we may commence our investigation of its 
history in tiiis respect by noting the simplest of 
the three processes. It may be further noted that 
what we shall learn of the increase of hydra will 
materially assist us in understanding the subjects 
with which this paper professes specially to deal. 
The hydra may be said firstly to possess a ix)wer of 
reproduction by ‘‘division” of its body, a process 
otherwise known as that of Jissiom About the 
year 1744, an observant naturalist, named Trem- 
bley, published the results of his experiments on 
these very animals — the “ fresh-water ix)lypes,” 
as they were and are still called in the language of 
popular zoology. These results were, to say the 
least, of a startling nature, and oj^ened up a new 
field of specidation concerning the animal constitu- 
tion and its proclivities. Shortly stated, Trembley’s 
experiments showed that if a hydra be divided long- 
wise a new animal will in time grow out of each 
half. If cut crosswise, the same result is noticed. 
If a hydm-body be “minced” into several small 
portions, each will in due time reproduce a perfect 
hydra. Even if, as Trembley proved, we turn a 
hydra inside out, like the finger of a glove, Ihe 
animal will comport itself with a resignation which 
humanity is not over-prone to affect under injuries 
of infinitely less serious nature, and will eat and 
digest its food as if it had been left in its normal 
condition. We may explain this wonderful elas- 
ticity of constitution by appealing to the lowness of 
the animal’s organisation. The hydra is not alone in 
its successful sufferance of injury. For the nearly- 
related sea-anemones suffer division meekly, and 
flourish each, as two bodies, through the destiniction 
of one. Such animals sustain no great nervous 
shock in these oj^erations. Each part or tissue is 
as vital as every other part, and is thus capable of 
perfectly reproducing lost parts. In the liigher 
animal all pai*ts are not of equal value in such work, 
and any serious loss of substance deals a blow to 
neighbouring parts and to the general vitality,, 
effectually preventing the renewal of so much as 
a joint of the fingers or toes in higher existence 
— although, indeed, the newts and salamanders, 
amongst back-boned animals, reproduce toes and 
tails almost at will. 

The hydra possesses in its ova, or eggs, a second 
and decidedly more usual and normal means than 
the preceding, for reproducing its kind. Each egg, 
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undergoing development, in due time becomes a 
perfect hydra. But the third and last process is 
that which must claim our attention at present, as 
serving to explain the colonial habits of animals, to 
be hereafter noted. This third process is that of 
gemmation, or “ budding,^' a term sufficiently 
familiar as applied to plant existence, but which, 
as affecting the animal world, may possibly sound 
stmugely enough in the ears of many readers. 
Nevertheless, animals may and do “ bud,” and the 
hydro presents us with this seeming exception to 
the laws of animal growth in its most typical phase. 
During the summer months, the hydra may be seen 
to exhibit little projections on the sides of its body, 
and usually towards the rooted or attached ex- 
tromity. To the oi*dinary observer, these oulgrowths 
might at first appear as some abnormal or diseased 
products; but as time passes their true character 
becomes apparent. Little projections begin to a|)< 
pear at the free end of the outgrowth, and assume the 
form of miniature feelers ; whilst a further growth 
of the little body in question transforms it into a 
young hydra (Fig. 1), resemhling its progenitor, or 
parent stem, in every detail save that of size. The 
hydra has, in fact, converted itself by this process of 
budding from a simple into a double or compound 
animal. For the young hydra is a connected i)rocess 
of the parent, the simple body-cavity of the latter 
being continued into the equally simple interior of 
the young ; and a miniature colony is thus formed, 
fed by two mouths, and enjoying the finiits of co- 
0 })erative labour in the work of digestion and nutri- 
tion at large. It may hapj)en also that the young 
hydra bud, whilst attached to its parent stem, may in 
its turn, and in its own history, imitate the process 
to which it owed its own birth. Tlie young hydra 
may be seen to ‘‘ bud ” in its turn, and to produce a 
miniatiu'6 of itself : three generations of hydras thus 
adhering together to form a connected and com- 
pound organism. But this state of affairs is not a 
permanent phase of hydra history. Sooner or later 
the young hydrae, like precocious offspring anxious 
to assert their indejjendence, will sever their con- 
nection with the parent-body, and float away 
through the water to seek a new resting-place, 
and begin life on their own account 

Leaving this stagnant pool, with its quota of 
curiosities in the way of zoology, let us seek a 
different sphere of observation. Now we are stroll- 
ing along a sea-beach, and peering amongst the 
jetsam and flotsam” which the waves have tossed 
upon the shore. The sea- wrack is crowded with the 
treasuies which constitute the delight of an inquiring 


mind and ‘’the harvest of a quiet eye.” Here, 
however, we light upon some objects more curious 
than the rest of those which form the sea-spoil 
around us. An oyster-shell has been tom from 
its bed, and has been swept landwards by the 
force of the waves. Growing upon it we per- 
ceive cei*tain plant-like forms of symmetrica] 
form and of graceful outline (Fig. 3). Ke- 
garded casually, they might be thought some 
marine plants of curious kind, which mimic in 
striking detail the forms of the fir trees in the 



Fig. 8.— Sdrtiilaria, or Sea-Fir. 

woods beyond the beach. Here, again, on another 
shell, ai-e certain other plant-like organisms. A 
mere glance seems to afford a sufficient guarantee 
of their plant-like nature ; and unscientific' but en- 
thusiastic lovers of nature will glean these treasures 
of the sea-wrack, and duly honour them, as strange 
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•^Bea-veeds,” with a prominent place in the herbaria 
which form pleasing mementoes of a well-spent 
holiday by the sea. The fir-trees in miniature 
which spring from the oyster-shell have been 
named SerMa/ria, or Sea-Fir ; ” and the sea-weed 
organisms may be termed “ Sea-Mats,” or, in 
scientific language, Flvstrce (Fig. 6). 

What is the nature of these plant-like forms, and 
what is their rank in the scale of ci*eation1 To 
answer these queries, let us procure living specimens 
of both by aid of the dredge. From a moderate 
depth in the sea, we procure specimens of the plant- 
like forms of the oyster-shell by the dozen, and we 
hie homewards with our treasures, duly preserved 
in their native water, for microscopic examination. 
We examine our “sea-fire” first, and a wondrous 
spectacle meets our view. We are now looking 
simply at a small portion of a branch, but the 
branch is typical of the whole “ sea-fir.” Our first 
glance shows us that, so far from inspecting a 
we are observing a very typical animal. Instead 
of leaves or flowers, the branches of our plant-like 
^‘sea-fir” bear hundreds of little cups, in each of 
which a little animal form is contained. As they 
lie under the microscope we may learn much re- 
garding their personal history. Tliere is one which, 
as we look, is pushing itself forwards and promi- 
nently into notice. As it seems to expand before 
our eyes, we see that its little head is crowned with 
tentacles or feelers, in tlie centre of which a mouth 
exists. The margins of the branch are covered 
with horny cells or houses, each containing its little 
“ tenant at will ; ” and as each tenant expands 
its tentacles, or hurriedly contracts them and itself 
as well on the slightest alarm, the spectacle which 
meets our view is both wonderful and interesting 
beyond description. Waving backwards and for- 
wards in the surrounding water, the feelers 
evidently serve as the active parts of the animal 
commiaaa/tiatj and sweep food-particles into the 
mouths they encircle. We have seen animals 
like these before. The tentacles, and theT central 
mouth, and the little body — or, at least, as much 
of it as we can see — all suggest the hydra of the 
fresh-water pool, and no less does the mode of life 
of our “ sea-firs ” recall that polype’s general history. 
Is the resemblance anything more than superficial 1 
or is the likeness a real and veritable one, founded 
upon a true correspondence in nature? Let our 
further investigation of the sea -fir supply the 
answer. 

Our “ sea-fir ” consists, as we may readily observe, 
of a main stem and branches, upon which are borne 


the little cups containing the animals which we have 
just noted to present a striking likeness each to 
a hydra. A further investigation of the stem and 
branches shows both to be hollow, and an equally 
notable fact is that of the branches being in free 
and full communication with the cups. A sectional 
diagittm of a sea-fir (Fig. 4) would, therefore, appear 
thus : — 

Outside we should find a horny covering (c c), 
which supports and gives strength to the entire 
organism, and which also exi^nds to form the 
horny cups (d d) in which the little animals re- 
side. It is this 
homy layer 
which remains 
when the living 
and softer parts 
havedisapi)eared, 
and to the pre- 
sence of tl le horny 
skill is due the 
preservation of 
the “ sea-firs ” in 
their dried state, 
as we find them 
tossed upon the 
sea-beach. Each 
little animal of 
the “sea -fir” 
colony possesses, 
surrounded by tentacles {t t\ the mouth leading 
into a simple body-cavity {b c), exactly as in hydra. 
No less notable is the fact that the layers of 
which the bodies of the sea-fir animals are composed 
resemble those of hydra, and consist of an ectoderm 
(ec) and endoderm (en), as in the latter polype. 
Next we discover, from our section, that the body- 
cavity of each little being leads directly into the 
hollow (a a) of the brench on which it is borne ; 
and thus a free and perfect communication exists 
between any one animal of the sea-fir and every 
other denizen or neighbour-animal. 

Let us consider now the life-history of such 
an animal as we have discovered this sea-fir to 
be, with the view of noting its essential and 
special characteristics. It is thus, firetly, a con^ 
pound animal, and may justly be termed an anirrml 
colony. It consists of hundreds of similar beings, 
bound together in the closest fashion, and connected 
by structural ties of the most intimate kind. The 
sea-fir, moreover, lives colonially, and as an inti- 
mately-connected society might be expected to exist 
— namely, through the apt and regular do-oy eration 



as we have seen, a mouth (m). 
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of its various members. By co-operation we 
mean to indicate the act of many individuals, 
who associate themselves for the pur2)ose of for- 
waixlmg and pi'omoting any given end. Such a 
result, however desimble, is not always easy to at- 
tain in human existence. For the ways of humanity 
are often the reverse of bland ; and the ambitions of 
mankind frequently serve to blunt the laudable pur- 
pose of working hand in glove and witliout distinc- 
tion for the advance of a common cause. In ‘‘ sea- 
fir ” existence, however, the co-o])erative principle is 
plainly and i)erfectly carried out. Each little mouth, 
each set of tentacles, and each body-cavity is 
respectively and together engaged in the work of 
providing the wherewithal for nutrition. Food is 
seized and digested within each little body-cavity 
(6 c), and is thereafter transferred to the general 
hollow (a a) or interior of the stem and branches, 
thix>ugh which the nutrient sti'eam is made to pass to 
every part of the colony. Each little animal of the 
society di*aws its own food-sujqdy from the common 
stream of nourishment it has helped to form ; and 
co-oi>eration, in the way of a 2)erfect ciix3ulatory 
pi*ovision-store, is thus beautifully exemplified in 
lower animal life. 

Thus, a ‘‘sea-fir^’ is essentially a collection of 
hydra-like animals, bound together in closest inti- 
macy ; the individual lives of the colony merging in 
the life of the entire organism, the colony being 
maintained through individual effort, and the in- 
dividual life being in tiim de2>endent on the con- 
nected existence of the colony. But the furiher 
question of the origin and manner of growth of 
such a colony yet remains to be discussed. How 
does such a colony of animals arise, and in virtue 
of what processes does the sea-fir ” come to differ 
80 materially from the single and simple animals of 
higher life I To answer these queries, let us return 
to our hydra for a single moment. We observed 
that animal to produce ‘‘ buds ” (Pig. 1) which grew 
into young hydra, and which remained connected 
to their jmrent for a certain period, but ultimately 
disengaged themselves from the parent stem, and 
sought a new sphere of life for themselves. During 
the attached period of these young hydra, however, 
we noted that the body-cavities of the young and 
the parent were in foil communication. These latter 
facts thus show us — firstly, that the hydia, through 
budding, converts itself from a simple ” to a com- 
pound ” animal ; and, secondly, that in respect of 
the full connection between its attached young and 
itself, it may be strictly compared to the “sea-fir.” 
So that, in plain language, we discover a “ sea-fir ” 


to be a hydra-like animal, which has budded like 
the familiar denizen of our pools, but which diflei*8 
fix>m hydra in retaining its buds 2>ei*manently and 
as stable 2)ai'ts of the organism. The justice and 
exactness of this comparison ai*e, of courae, clearly 
seen when we discover that each little animal of 
the “ sea-fir ” is modelled exactly on the tyja of 
the hydra. Is thera, howevei', any further jnwf 
that the colony or compound animal we term a 
“sea-fir” is simply a kind of hydra which has 
l)i*oduced i^ermanent “ buds 1 ” The reply to this 
question ^1 be clear if we study for a moment 
the process of growth which has made the “ sea- 
fir ” what it is. 


From ceitain receptacles (Fig. 7, a, b, c), which 
are developed in due course on the branches of the 
“sea-fir,” true eggs are discharged into the sur- 
rounding water. Like our hydra, this animal colony 
therefora possesses the power of ^producing its 
race by means of eggs ; whilst it also makes good 
the constant loss and death of its own component 
parts and beings by the process of budding, to 
which it owes its form. Each egg of the “ sea-fir,” 
or neighbour zoojJiyte (Fig. 7, n) at first swims 
freely in the suiTounding water, but ultimately 
discards its moving existence, and settling down 
(Fig. 7, e), develoi>s a bud-like projection (Fig. 7, f), 
which grows into the form of a single little hydra- 
like animal (Fig. 7, o). Tliis single organism is, 
in fact, the founder of the colony (Fig. 7, h) ; 
for, in the case of sea-fir development, as soon 
as its hydra-like features are folly formed it 
begins to bud. These buds ramain permanently 
connected to the primitive organism, and in 
turn produce other beings like themselves ; so 
that in due time, and by this pixKsess of “ con- 
tinuous” budding, we have the form of the 


tree - like “ sea- 
fir” reproduced. 
Thus the history 
of the “sea-fir,” 
from first to last, 
teaches us that it 
is really a hydra- 
like organism, 
which, tlmough 
the permanency 
of its buds, has 
become a colo- 



nial animal, and 
which has had its 


Fig. 5 '-CellB of Rustra ayionliiria (a), and 
of Floatra carbaaea (b). 


“ way of life ” marvellously adapted to its 


compound nature. Whilst conversely the hydra 
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illustrates a primitive form, which might perhaps 
be re^rded as possessing no stability in respect of 
its buds, and wMch therefore only temporarily and 
feebly imitates the colonial nature of its nearest 
kith and kin. 

A very few words will dispose of the ‘‘ sea-mat ” 
which we also found growing to the oyster-shell, and 
which, on examination by the microscope, also reveals 
to us a compound or colonial animal. Here, how- 
ever, a structure of a higher kind awaits our inves- 
tigation. Each little animal of the sea-mat is 
enclosed, like a little prisoner, in a cell ” (Fig. 5) 
of its own, and there is an utter lack of the har- 
monious and co-operative relations we saw to exist 
between the animals of the sea-fir colony. Like 
the sturdy smith in the “Fair Maid of Perth,^^ 

each member of 
the sea-mat (Fig. 
6) colony fights, 
in the stniggle 
for existence, “for 
its ain hand ; ’’ 
and probably, 
when we discover 
that it possesses 
a higher structure 
than the sea-fir 
animal, we may 
admit that there 
is less need for 

g, 6.— Pragmexit of S©a*3tfat (Fluttra), CO-operatlon than 

Life size and magnified. 


M 
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Within each cell of the sea-mat we find a complete 
digestive apparatus, a neiwous system, and other 
belongings of the animal constitution at large, and 
with such provision for their wants, the sea-mat 
animals can well afibrd to assert an air of semi-inde- 
pendence of each other. There are difierences to be 
thus descried in the ways of lower existence as in 
colonies and societies of men. Possibly, were our 
knowledge of the phases of lower life more com- 
plete, we should find that the causes which have 
operated in producing dependence in the parts of 
one animal, and independence in those of another, 
are more nearly related to the ways of humanity 
than might be supposed to be possible. The sea- 
mat grows to its compound estate, as does the sea- 
fir, by a process of continuous budding from a 
primitively single being, arising itself from an egg. 
ITie results of the budding process in the sea-mat 
are surprising in respect of the numbers of cells 
and tenants produced. On both sides of the leafy 
organism the cells are packed as thickly as paving- 


stones in a street — so thickly, indeed, that it is 
evident that the results of human over-ci*owding are 
unkno^ in these lower spheres of animal existence. 

Last of all, some readers may feel inclined to ask, 
“ What relationship can be shown to exist between 
these animal colonies and the single and simple 
animals around them?” A pertinent and im- 
portant query this, and one to be briefly answered. 
A dog, a bird, an oyster, or an insect, are each and 
all single animals — or, as we term them in zoology, 
iwLwiduaU. Now what, it may be asked, is the 
criterion of an animal’s “individuality?” We 
reply, the fact that in itself it represents the 
total devdo'pment of a single egg* Whatever the 
single egg may and does become, that is the true 
“individual.” Judged by this standard, the dog, 
bird, oyster, insect, and all higher, as well as many 
lower, animals are true “ individuals.” Now apply 
this rejusoning to the hydra, and to the sea-fir 
or sea-m?at. From what does each of these three 
organisms arise ? From a single egg (Fig. 7). That 
single egg becomes in the sea-mat and sea-fir a colony, 
numbering its members by thousands. Therefore 



Fig. 7.- -Development of Zoophyte (Clave sqtiamata). AJUr Allman, 


the whole colony corresponds to the “ individual ” 
dog, insect, or oyster of higher life. And what of the 
hydra ? At first single, it appears to represent in 
itself the “individual” But we know that it will 
bud throughout the summer, and that its buds will 
drop off, and produce buds in their turn, with a 
similar result. Here, therefoi*e, again, we say that 
the hydra and all its detached buds and their 
generations. form the “individual;” for the animal 
and its scattered progeny represent simply the 
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complete development of a single egg. So much for 
the individuality of animals. The hydra has led 
us far from its humble self in this scientific 
ramble : but the digression may not have proved 


altogether uninteresting, and may besides serve to 
show how topics of commonplace kind may lead to 
larger fields of thought, or may even enable us tc 
scale the heights of a loftier philosophy. 


COLOUE-BLINDNESS. 

By Grant Allbn, B.A., Author of ‘‘The Colour Sense/’ etc. 


A SMALL boy of nine years old, a pupil at a 
Belgian primary school, was playing one 
morning with his school-fellows, when some accident 
or other led him to talk about the blueness of the 
tongue. The boys around, taking the remark for a 
joke, began at once to laugh incessantly. But 
little Delboeuf — now a learned Professor in the 
University of Li4ge — persisted with all seriousness 
in his assertion. ‘‘What,” he cried out ener- 
getically, “ do you mean to tell me that your lips 
and your tongues are not blue 1 Do you mean to 
say that Eugene here hasn’t got blue cheeks 
And he pointed in triumphant confirmation to 
the very i*eddest and rosiest of his companiona 
Blue !” shouted all the other boys in astonishment; 
“red, you mean,” Little Delbosuf was over- 
whelmed by the authority of others ; yet he felt 
internally convinced that the tongue and the cheeks 
had for him precisely the same colour which he 
knew in other instances as blue. Going home, he 
inquired of his family, and found that they corro- 
borated the Bti^ange statement of his school-fellowa 
There was only one solution of the difficulty ; his 
eyes must evidently be differently constructed from 
those of oixlinary people. In short, he was colour- 
blind. 

The peculiarity to which the very inaccurate 
name of colour-blindness is generally given was 
first noticed by the celebrated chemist Palton, him- 
self one of the sufferers. He happened once to 
examine the blossom of a Geranium zmale^ which 
has really violet i^etals, by the light of a candle. 
The flower, which seemed to him blue by daylight, 
became unexpectedly red when looked at under this 
aitifimal illumination. Dalton called the atten- 
tion of others to the strange phenomenon ; but 
to his surprise they saw the blossom as violet as 
ever. The incident led him to make a critical 
study of his own colour-perceptions, and he soon 
learned that they differed in a striking and very 
definite manner from those of normally constituted 
persons. Since that time, numerous observations 


have been published upon this interesting question, 
but those of Professor Delboeuf are at once the 
latest and the most scientific. 

Whether such a thing as absolute colour-blind- 
ness — that is to say, total inability to distinguish 
any one colour from another — ever actually occurs 
in the human eye is very doubtful. At any rate, 
most so-called colour-blind i)ersons do really dis- 
tinguish certain colours, and only confuse certain 
others in a definite order. In ordinary cases, red 
is the hue which is least perceived, and it is con- 
founded with green. Thus, M. Delboeuf cannot 
distinguish rosy-cheeked apples upon a tree from 
the foliage which surrounds them, nor can he per- 
ceive any difference between the blossoms of a 
Japanese pear {Pyrus japonica) and the neighbour- 
ing leaves. As a rule, only two colours are really 
i^ecognised by such ])er8ons, and all others are 
referred to one of these two. Most i)eople call 
them blue and yellow ; but, as we shall see here- 
after, it is wiser not to give them the names of any 
special hues known to normal eyes. Dr. Wm. 
Pole, who is another suffei'er from this defect of 
vision, has given me the following diagram of the 
solar spectrum as it appeal's to normal eyes and to 
his own (Fig. 1). It will be seen that Dr. Pole 
rightly abstains from identifying either of the two 
colours which he perceives with those discriminated 
by ordinary people, calling them only Colour A and 
Colour B. 

violet. lodlgo. Blue. Green. Yellow. Orange. Red. 

I 

Dr. Pole’i Colour A. I Dr. Pole’s Colour B. 

Fig. 1.— Gomporiaon of a Normal and Abnormal Eye. 

Since it is not true, therefore, that these persons 
are absolutely colour-blind, it is usual on the 
Continent to speak of them as Daltonists, and of 
their peculiarity as Daltonism. English writers 
have steongly objected to the use of these terms, 
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which, they say, tend to make a great man re- When M. Delbauf himself, however, came to 


membered very largely through a personal defect. 
But on the other hand, no name has ever been 
substituted for these terms, which does not pervert 
the real facts, and so convey a false impression to 
hearei*8 and readers. Accordingly, in this o 
paper we shall generally use these convenient — - 

terms, satisfied that Dalton's fame is quite 
able to take care of itself in other ways, and 
that it is better to be remembered for having 
discovered an interesting defect, than to be forgotten 
for want of ingenuity in j)erceiving its true nature. 

M. DelboBuf made most of his observations in 
conjunction with a friend, M. Spring, whose eyes 
were normal. They began by heating a platinum 
thread in a Bunsen lamp, and examining its spectrum 
by means of the spectroscope. Platinum heated in 
this manner yields a light which, when decomposed 
by a prism, shows belts of colour almost resembling 
those of the ray of sunlight. To make the comjjarison 
easy, a graduated scale (Fig. 2) was projected upon 
the spectrum ; and one of its di\dsions was always 
brought to the same portion of the image. For 
this purpose, the fixed dark and binght lines of the 
spectrum * oflfer a simple means of uniformity j and 
the experimenters settled that the number 180 
should always coincide with the bright yellow band 
of sodium. 

All being properly arranged, the eye of an 
ordinary peraon saw the colours as represented in 


examine the spectrum, he found that it yielded him 
a very different result, which is represented in 
Fig. 3. The spectrum did not extend so far for his 
eyes as for those of his friend ; he saw nothing at 
40 60 80 100 120 140 160 WO 200 2t0 240 2(59 
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Fig. 8.— Platinum Speotrum as . seen by Colour-Blind Eye. 

the extreme ends, where M. Spring saw the darkest 
violet and the darkest red. Midway between these 
points he saw two colours only, merging into one 
another about division 123, or very nearly at the 
same point where blue merges into green for normal 
eyes. M. Delboeuf calls the two colours which he 
can distinguish “blue" and “yellow”; but Dr. 
Pole is doubtless safer in calling them A and B. 
To eyes thus constituted, it is clear that all red, 
omnge, ^fellow, and green things will appear nearly 
alike: the only difference between them will be 
one of greater or less brilliancy, not one of colour 
properly so-called. 

Nevertheless, Daltonists manage very cleverly to 
use the same language as other people, and to apply 
it on the whole with extraordinary correctness. 
They learn that bricks ai*e called red, that grass is 
called green, and that buttercups are called yellow ; 
and they soon make these distinctions in speaking 
between the various shades of their “ colour B.” 


Fig. 2. The luminous belt extended from division Daltonists are generally acutely sensitive to slight 

0 gp 40 10 10 100 120 MO 160 »o . 600 220 240 260 Variations in the intensity of light, or in its 

1 ' varying shades ; just as the blind are acutely 

1 1 sensitive to minute differences in touch, on 

principle commonly, though incorrectly, 
known as compensation. Whenever one set 


20 to about division 235 ; but these limits are of ordinary senses is denied us, we are corn- 


subject to variation, in accordance with the in- 
tensity of the light and the state of the particular 
eye. The violet seems to end and the blue to 
begin between 80 and 90. The vague points at 
which the coloiuis merge into one another aipe shown 
in Fig. 2 by the upright lines ; while the slant- 
ing lines show the parts where they ai’e tolerably 
uniform. Yellow is not marked in the diagram, 
because it occurs only in a very small ])atch of the 
platinum spectrum, on the line of the sodium. 
The brightest part of the belt is in the orange ; and 
the shading of the diagi*am roughly represents the 
relative brilliancy of the other colours. It will be 
noticed that the blue end is particularly wanting in 
bnghtnesB. 


polled to make more diligent use of the remainder, 
in order to keep up with our fellows ; and so 
people who cannot distinguish all the usual colours 
have to pay special attention to light and shade. 
In this way many Daltonists never suspect their 
own deficiency, because they ave enabled by long 
practice to employ the same language as those 
who possess normal sight. But there are certain 
employments in which Daltonism is a great dmw^- 
back ; as, for example, amongst pilots and railway 
seiwants. A man who only distinguishes a red 
danger signal from a green caution signal by some 
slight diversity of brightness is much more likely 
to help on a collision, than a man who sees red and 
green as extremely unlike coloura Accordingly, 
the discovery of such an abnormality as Daltonism 
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may be made a means of averting untold calamities 
by land and by sea. For this purpose many rail- 
way companies carefully examine all i)ersons seek- 
ing employment in their service, and never admit 
them if there is any suspicion of Daltonism. The 
number of persons found to be thus affected is 
something truly astounding to those who have 
always looked upon the perception of colour as a 
common and universal inheritance of our race. 
M. Favre has calculated that in France alone there 
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Fig. 4.-— Ta1)le for Betectiiig Colour-Blindnesfl. 

are no less than three million Daltonists; while 
Dr. Stilling places the proportion throughout 
Western Europe generally at 5 per cent. From 
•experiments with 3,080 negroes. Dr. Swan Burnett, 
of Washington, found that 1*6 per cent, of the 
males and 0*11 per cent, of the females were colour- 
blind. It would therefore appear that the Africans 
are less subject to this optical deficiency than 
Europeans. 

It is not easy, however, to discover whether a 
particular person is or is not a Daltonist. An 
intelligent man, accustomed to hear objects de- 
acribed in connect colour terms, learns to apply 


these with so much accuracy that even a scientific 
cross-examination often fails to confuse or convict 
him. The slightest difference in shade or texture^ 
will enable him to match pieces of coloured silk 
or pai)er, which seem identical in .all but hue to 
ordinary eyes. Dr. Stilling has therefore invented 
an ingenious kind of test for settling the question 
in the case of railway servants, with whom aberra- 
tions on such a subject are so very undesirable. 
He has constructed a set of coloured plates, con- 
sisting of little alternate squares, 
bounded by black lines, each of which 
contains a letter of the ali)habet, or, for 
the benefit of those who do not read, 
a conventional figure such as a cross. 
One of these plates is represented in 
Fig. 4. The squares with upright lines 
are coloured dark green in the original, 
while those with horizontal lines are 
coloured a much lighter green, thus 
making a sort of shepherd’s plaid jmt- 
tern. The squares left blank in the 
figure, however, are coloured in the 
original with a shade of red exactly 
equal in intensity to the lighter green, 
and they form a letter of the alphabet 
— ^in this case Z. Any person with nor- 
mal eyes who looks at the tables can 
at once distinguish these red letters; 
but they utterly baffle the Daltonist. 
If the colours were not divided by 
black lines, the point where they over- 
lapped ‘might enable a sharp eye to 
det^ the difference; and if all the 
green squares were of one shade, the 
red would very probably betray itself 
by some slight variation in intensity, 
quite inappreciable to ordinary eyes ; 
but Dr, Stilling’s precautions are so 
thorough that no Daltonist ever escaj^es 
detection by their means; indeed, many persons 
who never suspected themselves of the smallest 
deficiency are often shown in this manner to be 
slightly affected with Daltonism. 

Stilling’s tables also prove that there are many 
intermediate stages between the most acute colour 
perception and absolute Daltonism. Just as some 
musical ears can detect differences of pitch as 
minute as one sixty-fourth of a tone, while others 
can detect only a semitone, and extremely un- 
musical persons cannot even distinguish any two 
notes in the same octave, so some eyes instantly 
perceive the red letters on the tables, others notice 
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tiiem after a little inspection, and others see them 
only after they have been pointed out, or not at all. 

Can anything be done to correct this defect! 
Professor Delbceuf has invented an ingenious pro- 
cess for temi)oi’arily effecting this purix)se. By 
interiK)sing a transpai^ent puri)le substance between 
the eye of a Daltonist and the objects viewed, he 
finds that they suddenly acquire, if not the nonnal 
colours, at least cei^tain colours which the Daltonist 
has never before seen. In order that the amount 
of the purple substance should exactly suit the 
pai’ticular eye, he constnicted a wedge-shaped glass 
vessel (Fig. 6), with a graduatkl scale. This was 


Fig. 5.— Vessel for Correcting Dalbonism. 

then filled with a solution of purple fuchsine, and 
moved up and down between the eye and the 
platinum spectrum, till the jiroper thickness of 
liquid for producing the desired effect was found. 
At once Professor Delboeuf discovered that the 
I’ed, the violet, and the other colours which he 
usually confused, had assumed a totally distinct 
appearance; while scarlet, which generally seemed 
to him dull and dingy, shone out with a perfectly 
astounding and dazzling brilliancy. In all pro- 
bability, for the first time in his life, he saw red 
as other people see it. Experiments on other 
Daltonists soon showed him that they were 
similarly affected by the fuchsine, and that when 
they had found the proper thickness of a particular 
solution they could always readily distinguish 
colours which they had hitherto invariably con- 
founded. Nature suddenly acquired new charms, 
and clothed itself with a marvellous variety of 
unknown tints. 

On the other band, M. Delboeuf found that by 
exactly reversing this process he could produce an 
artificial Daltonism in nomal eyes. A- solution 
of chloride of nickel, which is green, placed in the 
same vessel, and graduated by means of the scale 
BO as to suit the particular eye, reduced thci colours 
of the spectrum to two, or at most three — blue, 
gi'een, and yeUow. The red, the orange, and the 
violet disappeared, and the world probably assumed 
for awhile the same hues which it always presents 
to the Daltonist. Everything seemed to be either 
blue or yellow. For this reason M. Delboeuf is 
very possibly right in assuming that those colours 
are really seen by Daltonists as by other people. 


What is the cause of these peculiarities 1 Fully^ 
to answer that question would draw us off too far 
into the region of mere guess-work, for we know 
too little about the machinery of sight to be able 
as yet to account for such special facts as those of 
Daltonism. But we may get a fairly good idea of 
the case if we suj)pose that in the Daltonist eye> 
the green lays of light have an excessive infiuence, 
while the red and violet rays have too little influence. 
The gi^een, in other words, seems to produce 
so much effect that it drowns the other colours, 
just as a big dinim drowns the notes of a small 
musical instrument in its neighbourhood. If so,, 
we might expect to restore the natural balance by 
stopping a part of the green rays. This is just 
what the fuchsine does ; it lets threugh the red 
and the violet, which by their union form purple ; 
but it checks the larger part of the green. Then, 
for the first time in the Daltonist eye, the red and 
violet rays are able to act unimpeded, the blue and 
yellow retain their natural colour, and the central 
green is separately distinguished. The chloiide of 
nickel, on the contrary, acts in precisely the oppo- 
site manner. It checks the red and violet rays, 
allowing the green, and to a less extent the blue 
and yellow mys, to pass through. Thus the two 
former colours become so enfeebled that they no 
longer affect the eye, which is accordingly brought 
into somewhat tlie same condition as that of a 
Daltonist. 

By examining each i)erson with the solution of 
fuchsine in such an instrument as that in Fig. 
it would be possible to discover the exact extent to* 
which his eyes required rectifying, and so to con-^ 
struct purple spectacles of the necessary thickness. 
A liquid like the fuchsine solution would be an 
awkward substance, it is true, for such a purpose, 
but there can be little doubt, since attention has* 
been so fully directed to the subject, that some 
means of colouring glass in the needful manner 
will soon be invented, and that colour-blindness* 
wfil be pi'actically obviated, just as short and long 
sight have already been corrected by the different- 
kinds of spectacles. Even with the liquid alone 
Professor Delboeuf exclaims that the whole world 
has taken a new and enchanting asj^ect in his eyea 
Shut out before from all the enjoyment of that 
wealth of colour which renders nature so beautiful 
to our sight, he can now behold, he says, the bright 
clusters of the red horse chestnut throw themselves 
out in vivid masses on the sombre verdure of the 
foliage; the rich blossoms of the rhododendron 
change as by miracle from a uniform blue to their 
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natui'al crimson and violet ; and the berries of the 
mountain ash, which seemed before like black spots 
against the green leaves, take in a moment the 


semblance of glowing bunches. If only these 
results could be obtained with a solid, colour-blind-* 
ness might practically become a thing of the pairt). 


OCEANIC ISLANDS AND THEIR HISTORY, 

By Pkofessok P. Martin Duncan, M.B., F.R.S., F.G.IS., etc. 


I F a very large map of the world is studied, and 
the spaces occupied by the great oceans are 
looked at carefully, a considerable number of 
names will be found printed, in some parts, ])retty 
closely together. They are those of islands ; and 
although the names may be visible enough, the 
marks denoting the islands are often so small that 
they can be distinguished only by people who have 
good sight. Sometimes a very large model of the 
globe is to be seen, and if it is correct, and if the 
places marked upon it bear a true relation in 
lK)int of size to the whole, the greater number of 
the islands cannot be made \d8ible, and many are 
only mere points on the surface. The names often 
occupy a hundred or two of miles, and sometimes a 
thousand miles, of expanse ; but the island itself, 
l>erhaps not as large as the Isle of Wight, is a mere 
dot on the model of the face of nature. 

It is rai'e for any of these ocean-surrounded islands 
to be of any great size ; nevertheless, there are one 
or two which are of considemble dimensions. They 
are usually very small, and are either solitary, or in 
groups of from a few to some hundreds in number. 
All are in the midst of profoundly deep water, 
and their distance from the nearest mainland is 
usually considerable, and sometimes vast. At first 
sight, the map on which these Oceanic Islands are 
tolembly largely marked, gives the impression that 
they are placed here and there without any 
definite order, and the mind fails to grasp any 
relation between their position and the main md. A 
careful study, however, of the shape of the flooi<»of 
the ocean, and also of the direction of the trend of 
some of the great mountain systems of the coutinentB, 
leais to a different conclusion, and it appears that 
there is order, in the seeming disorder, of the 
distribution of these interesting spots on the surface 
of the globe. One thing strikes every mind, and it 
is, that these little spots of land surrounded by 
ocean, most of them remote from land, usually 
covered with vegetation, and possessing many 
remarkable animals, should be so isolated by the 
ij^t depth of water in which they stand. From 


10,000 feet to 20,000 feet is a common average 
depth of the ocean a few miles from the islands ; 
and even when they are in groups, neighbouring 
islands being not more than eighty to 100 miles 
apart, there is often deep water between them. 

The scientific use of the sounding apparatus has 
shown that most of these islands are not only 
surrounded by very deep water, but that theii* 
sides are very steep, and that their bases, or the 
extent covering the sea floor, are small Many of 
them rise up suddenly, as it were, and with a most 
abmpt 8loi)e, Many of the islands thus environed 
by the deep ocean only just rise above its surface, 
but some have mountains on them, even reaching 
to the height of as many feet as the sea is deep. 
High and low hills are commonly noticed upon a 
vast number of them. The first impulse in en- 
deavouring to learn anything about these interest- 
ing Oceanic Islands, is to compare them with the 
continental islands, which are usually large, and are 
more or less close to continents, not being sepamted 
by very deep water. The distinctions between the 
two kinds are important. The continental island 
is constructed, so far as its strata and eai*th-layers 
are concerned, upon the same plan as the neighbour- 
ing mainland. It is an outlier of the land. Or, if 
this is not quite the case, the mountains of the 
coast-line of the continent are in evident relation 
with those of the island, in their direction and 
geological age. That these islands once formed a 
portion of the continent close by, and were sepamted 
by marine erosion and some irregular movements 
of the earth’s crust, appears to be most probable.* 
And this theory is enhanced in its value when 
it is known that nearly all the animals and plants 
of the separated lands are of the same speciea 
There is certainly some reason for believing that 
the period of the separation of the continental 
island from its nearest mainland, can be appre- 
ciated by the resemblance of the plants and animals 
in both localities. Should nearly all the kinds be 
similar, and only a few exist, as peculiar to one of 
* See Continental Islandf,” Vol II., p. 150. 
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tiie land separation may have been very 

late in the world’s histwy. But if there is a oon- 
nderable difference in the kinds, and many strange 
plants and animals are observed, by visitors, fix>m 
one land to the other, it is assumed that an older 
date may be given to their disruption. The 
great similarity of the fauna and flora — ^that 
is to say, of the assemblage of animals and of 
plants — of the mainland and of the continental 


and sometimes entirely, from those of the nearest 
mainland, some others, which may be many 
hundreds of miles from a continent, have many 
species in common with its surface. 

The greater number of Oceanic Islands have a 
foundation of rock which originated during volcanic 
action, and they may also consist of coral limestone 
which has collected around such rocks. Their 
strata, if they have any, are the result of the wear 




island, has to a certain, but arbitrary, extent deteiv 
mined that such and such islands are continental. 
The Oceanic Island may be, as has bedn already 
noticed, not very remote from a continent ; but in 
the great majority of instances there is no geological 
relation between it and the mainland ; the layers of 
earth are not the same, and the hills are not off- 
shoots, as it were, of those of the continent dose by. 
The exceptions to this statement are not numerous, 
but there are some im]X>rtant ones and singularly 
enough, these exceptional islands partake of the 
continental oharactw somewhat, and are not per- 
feetiy oceanic, as a rule. Again, whilst in some 
Oceanic Islands the animals and plants differ, partly 


and tear, in places, of coral rook, and of the volcanic 
rock itself; and blown sand is found alsa Hence, 
there is not much diversity in the construction of 
Oceanic Islands ; but their vegetation and animal life 
are full of novelties to the visitor who for the first 
time crosses the landless ocean to some of these little 
paradises. Some are crowded with a luxuriant 
vegetation, and with biids and insects ; on the other 
hand, others are deserts, bare, inhospitable, and 
the haunts of seals and a host of fish-loving birds. 
Some are masses of o<nal rook with barely a vestige 
of tree life, and others are steep rooks of basalt 
covered with guano. In some the precipitous moun- 
tains, the volcanoes, and the inland lake or lagoon, 
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rentier the flora diverse and channing ; and in many, 
a scanty vegetation . stintggles for existence against 
damp, glaciei'8, gales, and a }>ei‘si8tently low tern- 
l)erature. 

But before considering this interesting part of 
the subject, it is necessary to I'efer to some facts 
relating to tlie Oceanic Islands. Consider, fii*stly, 
those of the Atlantic Ocean, wliich ai*o few in 
numl>er in comi»arisou with those of the Pacific. 
The Azores come fii*st, and arc situated one-thii*d of 
the way aciuss the Atlantic, west of the Spanish 
coast, and they constitute a little group of islands, 
some being a hundred miles apart. Between tliem 
thero is from 2,100 to 8,400 feet depth of sea, 
whilst the ocean-floor between their shoro and S^min 
is from 12,000 feet to 16,200 feet below, for the 
greater part of the distance. On the west of the 
Azores the water is shallower for 300 or 400 
miles, than to the east; it is over 12,000 feet 
deep between them and the Oceanic Island of 
Madeim to the south-east ; but to the iioHh 
the depth is about 6,000 and 7,200 feet. These 
islands, far out at sea in the midst of a deep 
ocean, ai*e, when the soundings are moro carefully 
examined on all sides and are comi)ai*ed with those 
of the whole breadth of the Atlantic, on a gentle 
lise of the ocean floor, which is about 1,000 miles 
across, and which extends from Iceland to about 
the latitude of tlie West India islands, but about 
one-tliiixl of the way across to tlie African coast 
Tliis sul>-nianne ridge is slight, but it divides the 
Atlantic tliere into an eastern and western trough, 
and the depth of water on it varies from 6,000 to 
over 11,000 feet All the rocks of the Azoros 
iising from this ridge are of a volcanic naturo, and, 
indeed, evidences of volcanic eruptions of late date 
are to be seen, Moi'eover, the mountain-\)eak of 
the island of Pico is a most symmetneal extinct 
volcano, 7,613 feet in height above the sea. 

Thus, this heap of volcanic rocks in the deep sea, 
with a great mountain on it, i*ests on the ridge, and 
is separated l)y very deep water from the Euroiiean, 
African, and American coasts ; the temi)eraturo of 
the sea on the floor being very low. 

If the ocean be sounded from the Azoros to the 
south-east, after a ceitain distance the depth 
increases, and instead of bottom being found at 
6,000 feet, it requires 12,000 to 15,600 feet of line 
to reach it. This jmrt of the ocean floor is in the 
eastern trough of the Atlantic ; but it is nairow, 
and the water becomes shallower pretty close to the 
island of Madeira, which is towaixls tlie northern 
oxtromity of a sub-marine plateau which slq)es 


from tlie coast of PoHugal, being a littfe moiw 
deeply placed than the great central ridge. The 
water is as deep as ever between Madeira and the 
neighbouring coast of Africa, and theroforo it is in 
the {X)sition of an Oceanic Island. Moroover, it is 
formed of volcanic rocks, but there aro tlie relics of 
sedimentaiy strata wliich collected when there was 
an old Madeira, equally volcanic, and in the Miocene 
age, and they contain coi*als and plants of that 
remote time. Indeed, the evidence goes to show 
that even then the island was oceanic, but that the 
climate and other conditions of the Atlantic, gene- 
lully speaking, wero difieront. 

Standing up from deep water in the sea, the 
island rises above sea-level to 6,000 feet, and is 
remarkable fordts mgged surface, gi*eat pi'ecipices, 
as well as for some plants and land-shells which are 
peculiar to it and which will be noticed farther on. 

South of Madeira, but sepamted by very deep 
water, aro the Canaries, a group of islands sur- 
rounded by deep water except on the African 
side, two of them being near the coast. Tliey aro 
volcanic, and the high Peak of Tenerifle (Fig. 1), 
towering thousands of feet, is a grand instance 
of a volcano. Still to the south aro the Cajie 
de Veitle Islands, separated from Africa by a 
sea under 12,000 feet deep, but surrounded every- 
whero else by water I'esting on a floor deeper down 
than 14,000 feet They aro volcanic, and several 
islands liave mountains on them of 7,000 to 9,000 
feet, and St Vincent’s highest point is probably 
2,483 feet 

Qeforo considering an impoiiant set of islands off 
the American coast, and which differ to a certain 
extent from all these, it is not unprofitable to 
endeavour to imagine how these four groups of 
islands would look, were the Atlantic drained off. 
Thero would be a vast flat with a table-land in the 
centro rising very gimlually, and almost inijx^r- 
cejitibly, to the height of 6,000 feet in some places, 
and 12,000 in others ; and rising suddenly from the 
extrome height would be the iirecipitous crag of the 
Azores, with , othera close by towering up another 
0,000 feet. So that from the western basin of the 
Atlantic, or rather from its floor, the rise would be 
23,400 feet, but in so many miles that it would 
almost be impei’ceptible. Fartlier east, and especially 
in the Canaries, the craggy mountains would be ad 
high as the highest of the Himalayas, and in the 
remote distance the table-land of the Afiican con- 
tinent would commenca On the opjiosite side, the 
Bemudas, about to be noticed, would apiiear to 
rise more suddenly, but not to so gieat a hei|^t as 
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the others. All this leads to the impression of the 
isolation of the islands, and their great separation 
from the mainland and from each other. And 
when it is coiisidei'ed that they are surrounded by 
a sea veiy cold below, warm above, and which 
cannot wear away the rocks at a depth of a great 
many fathoms, the manner in which these moun- 
tains, moi^e or less submerged (for such are the 
islands), came to be, is difficult to explain. 

Another gi’oup of islands, oceanic in character, 
is on the American side of tlie Atlantic Ocean, 
and seveml degrees to the south. Deep water 
surrounds these Bermudas on all sides, and the 
sounding-line plunges down, within a few miles of 
the shoi*e, to 10,800 feet and then to about 
14,400 feet. Seven miles to the noith of the 
islands, the depth of the sea is 5,180 feet, and 
two miles faither oft‘ 10,650 feet, and to the noith- 
west there is 12,000 feet of depth seven miles 
from the land. Hence the Bermudas rise, remote 
from land, very suddenly and steeply from the deep 
ocean floor, and are not situated uj)on a ridge. The 
absolute amount of land above the sea on the 
Beniiitdas is 12,000 acres, but the shallow watei*, 
nround in a circle, of which the land forms a jiart, is 
twenty-four miles long and twelve miles wide. No 
volcanic rock is visible ; on the coiitmry, the land is 
of a white granular limestone covered with blown 
sand, and there is much red earth. The shallow 
sea around the land is covered with coral, and all 
these islands and shallow sea-flooi’s are composed 
of carbonate of lime, the result of the vital activity 
of the white coral polypes. 

From observations made with some care, it 
a:))pears that foimerly there was more land than 
thei*e is now about the Berniudaa Now, the 
Azoi^es and the Bermudas ai*e two types of the 
commonest oceanic islands — those which are pui*ely 
volcanic, and those which are foimed of cornl ]*ock 
— and in the one the island is piling up every now 
and tlien by the casting forth of volcanic matters 
and their collection on its. surface ; and iif the other 
tlie area of the land is diminishing, for the island 
has sunken slightly. 

Not many miles north of the equator, 540 miles 
from South America and almost due soutli of the 
Azores, midway between Africa and South America, 
nre some veiy small rocks, called St. Paul’s, rather 
under a quarter of a mile from end to end. Some 
are low and dark coloured, and othei's, from fifty 
to sixty feet above the sea, are precipitous, exces- 
sivdy ragged, with channels and stiuits through 
which the sea dashes. Birds make homes of the 


rocks, and instead of the splendid foliage of the 
Azores and Bermudas there is a desert. So sheer 
are the sides of these I'ocky islets, that Bhi})s 
And 600 feet of water at a distance of 100 
yards from the land. Fi'om this depth there is 
a rapid increase, and there is veiy deej) water all 
around this little speck in the ocean, and it is 
dee})est towards the nearest land, which is Brazil, 
to the south-west. Thus 16,656 feet of depth occur 
not far off in this dii*ectioii, and it increases 1,200 
feet more within a little distance ; but to the north- 
east there is not 12,000 feet of water. The reason 
is that these rocks, forming a third kind of oceanic 
island, are on the edge of the continuation of the 
central ridge of the Atlantic flooi*, which slants 
in this part of the world to the south-east from 
north-west. The rock is not a recent volcanic one, 
nor is it a coral lock, but it belongs to an ancient 
form of volcanic rock, and tlici e is reason to believe 
that tliris little group of islands with vast depths 
around them have a great ancestry. Certainly they 
are worn away year liv year by the l ush of the sea, 
and the guano of the l>irds decomposes the rock 
also. 

There is a i)eri>etual swell on, and the current on 
the surface of the ocean is so strong that a Iniat 
can hardly be pulled against it, for it rushes along 
by the sides of the rocks like a mill-mce. Isolated 
indeed are these rocks. 

There is deej) water to the south-west of St. PauFs 
Rocks, and before the islands and rocks of Fernando 
Noronha are reached, there is a depth of 14,780 
feet. Within six miles of this small group of ixicks 
and islands, there is a depth of 6,060 feet, so 
that they rise abruptly from the sea-floor, and npt 
fixim the central ridge, but from a tongufe of 
slightly elevated sea liottom which reaches towards 
Cape Roque, the nearest point, on the South 
American coast, distant nearly 200 miles. This 
tongue of floor is in deeper water than that 
remarkable, long, mid-oceanic floor-rise. The island 
is of volcanic rock called phonolite, from its giving 
a musical sound to the stroke of the hammer, and 
there is sandstone ; and one of the peaks, the relic 
of a vast former one, is 2,000 feet in height. A 
fine vegetation covers much of the island, but not 
much is known of it, although enough has been 
gleaned to be of use in appreciating the relation of 
the floi'a of this island to that of the mainland. 

A glance at the map of the world will show the 
St. Helena and Ascension Islands, and these are 
situated in moderately deep water, but on the con- 
tinuation of the mid-Atlantic ridge. " 
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Par to the eouth, 1,320 miles from St Helena, the whole subject of Oceanic Islands teems withi 
and 1,560 miles almost due west from the Oape problems relating to former continents and lost 
of Oood Hope, and a third farther fiom the lands continuous more or less with those now 
extremity of the American continent, is a group existing* 

of islands oceanic in the extreme. One is the These questions receive a greater importance 
island of Tristan d’Acunha, and the others ai'e when the natural history pi*oducts of the islands are 
called Nightingale and Inaccessible Islands, considered. The Azores, Madeira,* Teneriffe, and 
Grough Island being 200 miles to the south of the Ca})e Yeixle Islands were, when first dis- 
them. Tliey are not on the ridge, but on the other covered, resplendent with flowers and magnificent 
side of some deei)er water, and on a vast sub- vegetation. Whence did tliis come? Later investi- 
mei'ged plateau at least 12,000 feet deep, which is gators have shown that Madeira contains a con- 
an extension of the sea-floor of the Antarctic siderable number of kinds of animals, or molluscs. 
Ocean. Standing in this deep water, there are which, living on land like the snail, are called land- 
two decided cun'ents in the sea which washes shells. A lizard of a kind like a gecko is found in 
their shores — one from the American side, or this last-mentioned island and in the Cai)e Veixle 
Uie Cape Horn, and the other a part of the Islands. Moreover, the scientific examination of 



Fig. 2.— Santa Cbristzka (Marfjuesaa ItlandB), 


Brazilian cun’ent, wliich nins to the south from the botany of the islands proves that whilst many 

coast They are small islands, and Tristan plants of the same kind are found in all, and also 

d’Aciinha is about four miles long and as many on the neighbouring continent, a certain number 

broad, or sixteen square miles in all, the highest are peculiar to the islands. The plants of the 

l>eak being 8,326 feet aliove sea-level. Nightingale Azores may be taken as the example. Tliose which 

Island Ls twenty and a half miles off, and its area is have not been introduced by man, may be divided 

a square mile; while Inaccessible Island is four into three sets. Firstly, there are kinds which 

squai'e miles in area, and is about twenty-thi'ee miles are also found in South-westeim Europe. Secondly, 

from Tiistan. The whole group consists of volcanic a most suggestive and remarkable set of about 

rocks, and the peak of the last-mentioned island is thii*ty-8ix in number aro found also in Madeiitt 

a rounded, tipi)ed, conical mountain, and of volcanic and the Canaries, but nowhere else. This con- 

origiiL It is tolerably evident that these remote stitutes a little Atlantic oceanic island flora. 

islands of tlie Atlantic ai*e not without a definite Finally, there are forty flowering plants in 

rolation to submarine ridges and plateaux, and that the Azores which are peculiar to those remote 

although their coasts have been worn, there is no and isolated spots of land. Thus, there are 

pi*oof that of late years there has been any great plants and a gecko common to the islands ; 

diminution of their size. plants common to them and the continent ; and 

The occurrence of the islands on the central At- shells, insects, birds, and plants, not found any- 

laiitic ridge is very suggestive of the question which where else on the globe except on these Atlantic 

beara on the origin of the islands — Was that long, islets. Whence came these things which can 

sinuous, broad submarine sounding ever nearer the neither swim nor flyt The answer will account for 

suiflioe than it is now, or above it ? And, indeed, the Oceanic Island 


OCEANIC ISLANDS AND THEIR HISTORY. 


325 


Tiie usual answer is, that these living things were 
f^)ecially created for the islands; another is that 
these volcanic islands have been planted by waifs 
and strays from the continent and from one another, 
and that the insular position and surrounding con- 
ditions enabled the plants to alter in their kinds. 
The first method is of course possible, but it is 
against the analogy of nature, and the very im- 
piobable second may have had something to do 
with the occurrence of kinds not known anywhere 
else. There is another alternative which will 
develop itself gradually as these pages progress. 


Tenerifie; one is of a kind found in Soulh America, 
and the other is peculiar to the island. 

In the southern group of the Atlantic oceanic 
islands, there are not many kinds of plants, but 
Tristan d’Acunha and its neighbouring island, 
contain plants the majority of which are of South 
American (Fuegian) kinds. Other plants are of 
genera which have kinds at the Caj^e of Good 
Hope, and a pretty pelargonium is very repre- 
sentative of the African kinds. Two very common 
plants are found also at Amsterdam Island, 3,000 
miles distant, and one plant is of a genus only 



Fig. 3.— Tahiti (Georgian Islands). 


It is necessary to consider, however, the nature 
and beaiings of the plants and animals of some of 
the other islands. In noticing the plants of Fernando 
Noi'onha thei’e are some extraoixiinary instances 
of very wide distribution to be obseiwed, and it 
may be stated hei'e that there are mmty kinds of 
animals which live in South America which have 
great anatomical and natinal history resemblances 
to others iti Africa. 

The plants of Fernando Noronha are allied to 
those of South America, and there is amongst 
them a common convolvulus, which is known also 
in the West India Islands, as well as in the Cai3e 
Verde Islands on the other side of the Atlantic. 
There is no special assemblage of plants peculiar 
to the island, but there is a j^uliar species of 
fig iree. Two lizards occur, but not the lizard of 


found in America and in those islands. Clearly no 
seeds could have got all this way by sea or by 
birda 

In the Indian Ocean and the great w^aste of 
waters to the south, there are not very many 
Oceanic Islanda To the east of the continental 
island of Madagascar there are the well-known 
islands of the Mauritius, Bourbon, Rodriguez, and 
to the north of them some so-called ** banks,'* 
where the land rises just out of water, being 
encircled with coral reefs and made up of coral 
limestone. Far to the south, on a line with these, 
are the Crozets, a little group of islands volcanic in 
structure, and this linear direction is over a space 
equalling that from the North Cape of Europe to 
Constantinople. There is about from 6,000 to 
10,000 feet of water in the sea separating these 
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islands, but it is much deeper between Bourbon 
and the Crozets than to. the north. To the east of 
these islands, just to the north of the equator, 
and near 0a}>6 Comorin, ai*e the Laccadive and 
Maidive Islands, which, made up of coral like the 
Bermudas, ai*e as an archi{)elago, 470 miles long 
and 87 miles broad, and they rise up from the 
ocean floor from a great depth and suddenly. 
Hundreds of islands of all sizes are found 
amongst them, and most consist of a ring of land 
broken by the surf outside and having a shallow 
lake or lagoon within. Now, to the south of these 
is a vast shall ow, called the Chagos Bank, some 
76 miles long, 24 to 60 feet deep at the edges, and 
300 feet in the middle, and all aix)und it is very 
deep water. Far to the soutli ai*e St. Paurs and 
Amsterdam Islands, and still further Kerguelen’s 
Land. A third set of islands situated in a north 
and south direction, but, of course, like those just 
mentioned, widely separated, is to be traced frem the 
Bay of Bengal, where the Andaman Islands have 
the Nicobara and Keeling Island in linear series. 
Thus, in this great ocean, the Oceanic Islands 
widely sei>arate, and consisting mainly of coral 
formation — there being the Atlantic tyjK} of vol- 
canic island far to the south — are in linear series, 
and were the sea drained off they would represent 
three distant parallel sets of high [>eaks — a crowd 
of mountains, here and there separated by plains 
and shallow depressions, but on the whole they would 
not be so high as those of the Atlantic. 

In the Pacific the Oceanic Island is seen to jier- 
fection; there are many liundreds tliere, now greuped 
together, now separate, now low, now often consti- 
tuting very high ground, and always sunounded 
by very deep water, 12,000 feet l)eing a common 
and avei’age depth. It is usual to consider New 
Zealand amongst them, and New Caledonia also, 
but they are very exceptional, and are more or less 
semi-continental — for although they are separated 
from the nearest mainland by great depths, they 
are composed of rocks most of which are to be 
found in Australia. It is not preposed to refer 
to them, but to those islands which crowd the 
map as minute specks on the ocean from Ja])an 
and Australia to the Americas over a vast surface 
of the globe. These islands, sparingly distributed 
to the east — for they are rare inde^ for 60® of 
longitude frem the American coast — are in great 
abundance to the west, and form a great number 
of archipelagoes or assemblages of islands in groups, 
separated by deep sea from others. 

The Sandwich Island group is the most northerly, 


and consists of several islands, the most celebrated 
being Mauna Loa, with its vast volcano rising> up 
to 14,000 feet, the whole standing in water of at 
least 12,000 feet. Measured from N.W. to S.E., the 
group is at least 530 miles long, and Dana states 
that there are lines of x'oek and reef which carry 
on this array of peaks. 2,000 miles, or ^^as far as 
from New York to Salt Lake City.” There is, how- 
ever, a great ocean space to the south-west of the 
Sandwich Islands, and then tliere is a crowd of 
islands. Now these, under a gi’eat variety of 
names, such as the Ladrone, Careline, Friendly, 
. Fiji, Navigatora, Georgians (Fig. 2), and Mai*quesas 
(Fig. 3), form a vast series, ending in the remote 
south-east at Easter Island. They are not placed 
without order, for it can be shown that the main 
trend of these Oceanic Islands is in parallel lines 
directed on the surface of the glol>e from north- 
west to south-east nearly. 

This so-called trend, or l)earing with regard to 
the compass, or this geographical distribution, so 
to S])eak, of the Oceanic Islands of the Pacific, is 
ceriainly true regaixiing the great majority. It is 
most suggestive when considered in relation to the 
less manifest but still decidedly orderly position of 
the Atlantic islands. Moreover, ther«e api)ears to 
be much truth in another observation, which we 
owe to the distinguished American, Dana : it is 
that the space of sea between the long ]>arallel 
lines of the islands, of whicli the Sandwich group 
form the northeidy, and the Tahiti and all the rest 
just alluded to are the southerly, is nearly without 
any islands. He reminds geogi*a])hei*B also, that 
the low-shored and fiat islands are immediately 
on either side of this landless s])ace, and that 
the remotest islands to the north and south have 
high land and are mountainous. Nearly all the 
lower islands resemble the Bermudas, in being 
composed of coral limestone, and in being sur- 
rounded by coral reefe. They may be eighty miles 
long, or not half a mile, and if there is not a high 
^central mountain there is a still lagoon or lake, 
into which the sea jiasses. The mountain, when 
it exists, is invai'iably composed of volcanic sub- 
stances, such as basalt, and traces of small pieces 
of this mineral, in the fom of low pinnacles or 
small rocks, are occasionally seen sticking out 
of the coral rock when there is no hill. Where 
the island is low and has a lagoon, it is, of coui*se, 
a more or less perfect ring-8ha{>ed spot of land, and 
in many there is vegetation close to the beach, 
and often a line of planted cocoa-nut trees. In 
the laiger islands there is more vegetation, and in 
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the moimtainous ones it is profuse. Now, these 
Pacific islands, ranged in a more or less oiderly 
manner in parallel lines, separated by a vast land- 
less space of sea, occupy more than 6,000 miles 
(or one qnai*ter of the globe’s circumfei*ence) in 
length, and 2,500 in bi'eadth. They are remote 
fi'om each other in many instances ; they ai'e far 
off the American continent, and neai*er but still 
distant from the Asiatic and Aiistialian land- 
masses. They have no mammals on them, but 
birds abound, and there ai*e a few raptiles in some. 
Now, these birds strike the traveller at once, and 
can be readily divided into those which have great 
jKDwere of flight, and could fly from one island to 
another, and from the nearest continent ; and into 
those which cannot fly far, and which live on 
fi*iut or the products of forest land. It is not 
surprising to recognise in some of these distant 
islands some of the wandering birds, but there is 
no mistaking the interest excited by discovering 
that a great number of these land birds are peculiar 
to some of the islands, and are not found anywhere 
else. They are, therefore, what are called endemic 
kinds. Now, if the vegetation is examined, some 
trees which have been dntix)duced by man from 
distant lands will be noticed ; some plants are the 
same as those of the nearest mainland of Asia or 
America, but the rest are i^eculiar. Some of them 
are endemic, and are not found elsewhere on the 
globe, and the rest are trees which are known as 
shinibs elsewhere. Just, then, as in the Atlantic 
Oceanic Islands, there are plants which are found 
on the neighbouring continent, and a ][)eculiar flora 
also characteristic of some of the islands, and 
endemic, so in the Pacific there is a corresponding 
armngement. The plants of the two sets of islands 
are, however, not the same. It must be remem>>ered 
that whilst some seeds travel far with the wind, 
and may be wafted by tide and currents, others, 

' and the majority, cannot be thus distributed. Salt 
water is veiy destructive to things living on land 
and in fresh water. Moreover, in addition to 
this peculiar vegetation, some of these islands 
have fresh-water shell-fish belonging to the same 
genera as tliose so common on the great continents. 
Another point of interest in the relation of the 
living things of these islands to those of the conti- 
nent, is the fact that in some very remote ones, 
such as the Galapagos Islands, which are nearer 
the American coast than any others, being distant 
from it about 500 or 600 miles, there are not only 
a veiy considerable number of kinds of birds and 
plants which are endemic, but there are peculiar 


lizards and also huge tortoises which are essentially 
land-loving creatures. Now, the endemic plants and 
birds of these islands, although of different kinds 
to those of the nearest continent, still iesemble 
those of South America ; but the toiioises, gigantic 
in size and formerly vast in numbera, are totally 
unlike anything on the mainland of America, or 
on any of the other islands in the Pacific. Tlie 
only spot on the earth where similar tortoises— -that 
is to say, of the same huge dimensions and pre- 
senting nearly the same anatomical i)eculiarities — 
were found, are the islands of the Aldabi*a, Rod- 
riguez and Bourbon group, to the east of Mada- 
gascar, on the other side of tlie globe. These 
iai*gest of tortoises are island dwellera, and are 
gradually being exterminated by the wicked waste 
of man. 

How these tortoises came to be on such distant 
spots surrounded by the sea, how the land-plants^ 
humm3.ng and other birds, the fresh-water shell- 
fish, and the lizards, endemic or not, came to exist 
on these widely-scattered Oceanic Islands, is a great 
mystery. Some kinds of biiils and i»lants may have 
been canied by wind and wave, but other causes 
must have been in action to i)ennit of the existence 
of the floml beauties of Selkirk’s Island — Juan Fer- 
nandez — or of Fiji, or of Hawaii. It may be 
mentioned, for it adds to the giWndeur of the ques- 
tion, that not only is there a resemblance of the 
kinds of fresh-water living things and of some 
aniinals and plants of South America and Africa, 
but that there is a resemblance of New Zealand 
and South American kinds also. Moreover, the 
plants of the south-west of Austrelia are in some 
instances closely resembling those of the Cape of 
Good Hope. It is quite evident that most of the 
animals and plants of Oceanic Islands, and most of 
those which are found widely separated in very 
distant countries, could only have got from place to 
place on dry land, or by fresh-water sti’eams. 

It is quite impossible that gigantic tortoises, 
lizards, hosts of insects, which can neither swim 
nor fly far (or at all), and fresh-water clam-shells, 
could get on to islands remote from land and sur- 
rounded by deep sea by chance, as waifs and streys. 
And at the present day we do not find the plants 
of countries or of the Oceanic Islands changing or 
being added to by the naturel introduction of those 
hitherto unknown on them. It is not consistent 
with the analogy of nature, nor with tlie first 
principles of science, to believe that every one of the 
thousands of Oceanic Islands has had its plants and 
insects, animals, biixls, and shell^sh, especially 
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emted and {daeed on it There must be some 
more oomprehensive method, and it relates to 
those grand causes which produced the Oceanic 
Islands. In the Pacific Ocean the long trend of 
islands from near Japan to Easter Island is, for 
the most part, on a line of less depth than the 
central landless space to the north and east of 
it The depth may be said to average from 12,000 
feet to 15,000 feet, and that of the space from 
15,000 feet to 18,000 feet Again, to the north of 
the space there is the line of the Sandwich Island 
group in its fullest extension. This is over a sea- 
floor whose depth is about that of the much longer 
line to the south, and there is deeper water farther 
north. If the map of the Pacific Ocean wei^e 
shaded to represent the profoundest depths, and 
these remarkable sub-marinC elevations of a few 
thousand feet, the marking would start from the 
southern point of South America, and would be 
caiTied on to Jai)an; to the north of the equator 
there would be a parallel line. On these sub- 
marine ridges are the Oceanic Islands, as a rule, and 
they are more or less of volcanic origin. Dana, 
in noticing the great number of islands in a small 
space in the Fiji group, was impressed with the 
truth of Charles Darwin’s great theory that the 
ooial island and the other islands with reefs around 
-them at some little distance, were formed during 
the gradual sinking down of the more or less sub- 
merged mountain on which the coral grew. The 
hill-top sank under the waves and the coral grew 
upwards; and, in the instance of the low-lying 
islands, the hill has disap^^eai'ed and the coral has 
persisted. The Fiji Islands now constitute about 
5,500 squai'e miles of land, and Dana shows pretty 
concUisively that before they sank as mountains the 
sea washed the shores of 15,000 square miles of 


land thm!e. The sinking of the ocean fLoot csstrf^ 
ing with it the bases of the mountains, and 
submergence of their summits, are grand phenomena 
which have attended the formation coral reefia 
and islets of circular form. Moreover, the deep 
valleys of the mountains which still exist above the 
level of the sea, open at once into deep water as if 
the hill-sides scored by age had been submerged. 
But what was there before this submergence took 
placet The trend of the islands and of the sub- 
marine ridges bears a very curious relation to the 
trend of the mountains of the west of the Americas, 
and Dana has shown that in the structure of great 
continents the greater mountain ranges are on a 
line with the coasts and not in the middle. These 
considerations lead to the belief that a continent 
once existed in the position of the present central 
space, and that the northern and southern parallel 
groups of islands were once hill-tops of its coast- 
lines. They are, to use the expression of the great 
American geologist, memorials over departed lands. 
It is difficult to believe that bundles of volcanoes 
could have built themselves up under water ; but 
there ai*e many proofs that subsidence of the crust 
of the earth has carried, and does still carry, down 
mountains. The Oceanic Island of the Pacific is, 
then, a more or less altered mountain summit, and 
its endemic and most of the other plants, birds, 
insects, and shell-fish, are the relics of a drowned 
land. 

In the Atlantic the same line of reasoning 
suggests the sinking of a former outer Atlantic land 
— the Atlantis — which was continuous with 
America and Africa in part. The Oceanic Island is 
the home of the relics of the fauna and flora of the 
continent which! once supported the mountain whose 
})eak8 are now mei'e points in the ocean waste. 


MODERN EXPLOSIVES. 

By tub latb H. Baden Pkitcuabd, F.C.S., Botal Absbnal, Woolwxoh. 


O LD-FASHIONED people, whose acquaintance 
with explosives is confined to a knowledge of 
guni^owdei*, have been startled by the appearance 
of late years of a whole army of new-fangled com- 
pounds, the names of which are alone sufficient 
to puzzle any ordinarily constituted mind. Gun- 
cotton, nitro- glycerine, dynamite, litho - fracteur, 
cotton-powder, tonite, glonoine, dualine, saxafra- 
gine, mataziette, glyoxiline, and blasting gelatine 


are among the names by which these new explo- 
sives have been brought forward; and to those 
little versed in such matters it seems well-nigh 
hopeless to attempt to keep pace in one’s know- 
le^ with a class of compounds that every day 
grows more and more extensive. We may know 
what gun-cotton is, and have a suspicion how nitro- 
glycerine is" made, but beyond this, most people do 
not go. It appears useless, indeed, to follow the 
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science of ezplosives under such circumstances, for 
no sooner can you become acquainted with the 
nature and qualities of one than the morrow sees 
other and more curiously named compounds spring 
into being. Fortunately, as I shall be able to 
show in a very few words, the difficulty in under- 
standing all these modem explosives is more 
apparent than real. Their names, in fact, are the 
only unintelligible part of them. There is no more 
mystery about modem explosives than our old friend 
gunpowder (p. 91, Vol. II.), though perhaps rather 
less of honesty and straightforwardness. It may bo 
we do not know them quite so well, but at present 
there are several of the family that require narrow 
watching to prevent mischief and accident. 

To remove the masks, then, from the whole 


all — ^which consists of adding to this gelatine” a 
further quantity of gun-cotton, making a sort of 
dough, whose destmctive propeiiies seem to combine 
those of gun-cotton and nitro-glyceiine. Olonoine 
is simply another name for nitro-glycerine ; and 
saxafragine and mataziette are aliaaea for dyna- 
mite. So that we really come down to two bodies : 
namely, gun-cotton and nitro-glycerine; and these 
may, as I have said, be regarded as the same, with 
the exception that one is solid and the other 
liquid. 

Being nitro-compounds, they are differently con- 
stituted to gunpowder, which, as we know, is a 
mechanical mixture of charcoal, sulphur, and salt- 
petre. But all bum or explode something after 
the same fashion. We know how gunpowder 



Fig. 1 .— Qun-Cottok and Dtnavitx Cartrtdoeb. 

1, Slow Match for Firing { 2, Abel Gun-Cotton ; 8, Dynamite Oartrldgea; 4 , Gun-Cotton Fabric for Sporting Cartridges ; 6, Gun-Cotton Primer, with Detonator 

fixed ready lor Firing by Electricity. 


group of modem explosives, it suffices but to say 
that to all intents and purposes they are one and 
the same thing. They are “nitro-compounds,” Some 
are liquid, some are solid, some are pure, some mixed 
with materials that favour combustion, some with 
materials that retard it, but they are all practically 
the same. Gun-cotton is a nitro-oompound in a 
solid form ; nitro-glycerine is a nitro-compound in a 
liquid form, and of but these two the whole series 
I have mentioned consists. Cotton-powder is gun- 
cotton reduced to a fine state of division; and tonite 
is the same, with the admixture of a nitrate or 
similar body; dynamite is clay or other earth 
saturated with nitro-glycerine; and litho-fi’acteur, 
roughly speaking, is the same thing, with a little 
saltpetre and sulphur added. Dualme is small 
granules of gun-cotton soaked in nitro-glycerine; 
and blasting gelatine is not gelatine at all, but 
nitro-glycerine in which gun-cotton has been dis- 
solved sq as to form a sort of jelly. There is a yet 
more novel explosive compound — ^the newest of 
QO 


burns. Charcoal and sulphur, which inflame 
readily enough in air, are consumed much faster 
if there is an ample supply of oxygen in the 
neighbourhood, This supply of oxygen is afforded 
by the saltpetre, which is closely incorporated with 
the sulphur and charcoal, and hence we get the 
rapid combustion that is known by the name of an 
explosion. Nitro-compounds have also a large 
store of oxygen in their comix)sition to promote 
violent conflagration, as we shall see at once by 
following the process of their manufacture. 

We will take the preparation of gun-cotton to 
begin with. Schonbein was the first to manu- 
facture gun-cotton in 1846, although the way 
to the discovery had been paved some yeai*s 
beforehand by the production of a substance 
analogous to it, in which starch waa employed 
instead of cotton-wool. Cotton of any description 
may be used, or what chemists term cellulose. 
Cellulose contains carbon and hydrogen in some 
quantity; and while the former remains after the 
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cellulose lias been converted into gun-cotton, it is 
not so with the hydrogen, which is abstracted 
in the process of conversion, and replaced in the 
structure by nitrogen. To convert cotton into 
gun-cotton, or, as chemists say, cellulose into nitro- 
cellulose, we have simply to immerse the cotton 
in strong i^tric acid. Usually, a mixture of 
sulphuric acid and nitric acid is made use of in 
steeping the cotton: the former, which is very 
greedy of moisture, absorbing all water, and thus 
maintaining the nitiic acid at its full strength, 
when it does its duty most efficiently. During the 
time that the cotton remains in the acid bath three 
equivalents of hydix>gen are removed by the oxidis- 
ing action of the nitric acid, and replaced by three 
equivalents of nitric peroxide, thus transforming 
the cotton into what is known by the name of tri- 
nitro-cellulose. To all appearance, the cotton is 
the same when it is withdrawn fi*om the bath as 
when it was put in, but its constitution has quite 
changed. It is washed in water to cleanse it 
thoroughly from |ujid, and may then be stored as 
it is, or conveiied into one or other of the com- 
pounds we have mentioned. 

In the manufacture of nitro-glycerine the same 
chemical change takes place. In this case you 
effect the nitrification of a liquid — ^glycerine. The 
explosive is simply prepared by mixing glycerine 
with nitric acid, and then permitting the mixtui’e 
to drop or fall in a narrow stream into water, when 
the nitro-glycerine at once separates. Here also 
the oxidising action of the nitric acid has been such 
as to remove three equivalents of hydrogen, and to 
replace them by equivalents of nitric peroxide; and 
here, too, there is no apparent change in the ap- 
l)earance of the material Nitro-glycerine as much 
I'esembles glycerine as gun-cotton does cotton, and 
it is only by testing the finished products that they 
are found to have undergone a thorough change. 

The object, in a word, to be attained in the 
preparation of these explosive nitro-compounds is 
to secure the proper proportion of oxygen necessary 
to develop the maximum chemical energy by com- 
pletely burning the carbon and hydrogen present. 

Neither gun-cotton nor nitro-glycerine, in the 
form in which they were fii*st known to chemists, 
were of little value. The reader may remember 
to have seen samples of cotton-wool which had 
been converted into gun-cotton, and which burned 
with the most ungovernable violence. Gun-cotton 
wool may even be ignited in contact with gun- 
powder, and yet not set fire to the latter because 
of its rapid burning. The military gun-cotton 


now made use of is, on the contrary, a slow- 
burning substance (Fig. 1), and unless strongly con- 
fined, will not explode with violence when ignited 
by fiame or sparL To tame ” gun-cotton in this 
fashion was by no means an easy task, and it was 
only after years of investigation that- Prof. Abel, 
C.B., the well-known chemist of the War Depart- 
ment, succeeded in attaining the desired result. 
The military gun-cotton is reduced to a pulp, and 
in this form can be more thoroughly washed and 
freed from acid (the presence of which renders it 
particularly unstable), while at the same time the 
product is easily pressed into any shape afterwards 
that may be desired. A kind of paj^ier 'niacJii 
block is produced of gun-cotton, and in this form 
the material may be used for blasting, mining, or 
torpedo work without difficulty (Fig. 1). A slab of 
this compressed gun-cotton when inflamed, burns 
freely, but does not explode, and only under certain 
si)ecific conditions will it ignite with violence, 
'^^at these conditions ai*e I will presently explain. 

Nitro-glycerineowes its application as an explosive 
mainly to the exertions of a Swedish chemist, Dr. 
Nobel. This gentleman made a very imi)ortant 
discovery in connection with this terrible liquid. 
He found out there was no necessity for confining 
it in order to secure a violent explosion. If he could 
only secure the explosion of a minute quantity, the 
rest went off as a matter of course. That is to say, 
by causing a tiny explosion in the neighbourhood 
of a large charge of nitro-glycerine, he caused the 
whole to explode, or rather detonate. A small charge 
of fulminate of mercury, for instance, if made use of 
for the primary explosion, was sufficient to deto- 
nate any nitro-glycerine around it. The result of 
the explosion, too, was far more violent than that 
furnished by the explosion of an equal weight of 
the old explosive gunpowder. A pound of nitro- 
glycerine when detonated, has been calculated to act 
as destructively as four or five pounds of gunpowder, 
but the force is so violent that it cannot always be 
made use of. Thus in military mining, or for tor- 
j^edoes, where we desire to develop the most violent 
and destructive action, nitro-glycerine and its kindred 
are -of the utmost value, but they are useless in 
fire-arms. In cannon and rifie we want a com- 
paratively slow and weak explosive, and much as 
we have already done to modify and adapt the new 
compounds to our use, it has not been possible, so 
far, to employ either gun-cotton or nitro-glycerine in 
ordnance oc small arms. The nearest approach to 
a solution of the subject is the construction of car- 
tridges from gun-cotton fabric, which are sometimes 
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fired from fowling-pieoes, and have the advantage of 
emitting no smoke (Fig. 1). 

Notwithstanding its valuable explosive properties, 
Nobel found nitix>-glycerine inconvenient for use. 
Its liquid form had many drawbacks, and for this 
leason he cast about for some means of employing 
it in the form of a solid. This was ultimately 
accomplished by selecting a spongy kind of clay 
known as kieselguhr (“flint-froth,” p. 343) and 
simply impregnating it with nitro-glycerina He 
got thereby a soft plastic material, which was still 
very destructive in its action, and which could be 
handled with ease and efiect (Fig, 1). The mass 
might be pressed into blast holes, no matter how 
jagged and irregular their form, and could be de- 
tonated in the same simple way as nitro-glycerine, 
that is, by exploding in contact with it a small 
charge of fulminate powder. No wonder, there- 
fore, that miners and quarrymen became enamoured 
of the new material ; it was plastic, and did not 
explode by spark or flame like gunpowder, while 
the violent action of the charge was such, that it 
required little or no tamping. 

Of course a pound of dynamite does not do as 
much work as a pound of pure nitro-glycerine, and 
this was one reason why further experiments were 
made to substitute for the inert mass of clay a body 
which would contribute something towards the 
explosion. The pasty material known as litho- 
fi’acteur, which contains besides a proportion of 
clay, such things as saltpetre and sulphur, was one of 
the I'esuUs of these experiments, and is a substance 
that api)cars to find much favour among Australian 
mind’s ; but, as I have pointed out, all these com- 
binations with nitro-glycerine, no matter what their 
name, act very like one another. Fi’equently they 
differ only in name, and their respective value is in 
a great measure dei:)endent upon the character of 
work you want them to do. 

Returning once more to gun-cotton, as the 
material which has been adopted by military 
authorities in this country to be used whenever 
other explosive force is desirable than that obtained 
by gunpowder, thei’e is, we shall find, a great deal 
to interest us. Our military gun-cotton is the com- 
pi’essed pulp, manufactured on the Abel method, 
which is pressed into the form of slabs or discs 
about an inch or so in thickness and a pound, or 
half a pound, in weight. Tonite and cotton-powder 
ai*e also forms of gun-cotton that are made in this 
country and have been successfully used in industrial 
and mining work, although but little in connection 
with war purposes; while nitro-glycerine compounds 


again have been received with some favour abroad 
by military engineers. But in Great Britain, as I 
have said, compressed gun-cotton is the chosen com- 
panion of gunpowder. 

At first, like gunpowder, we used to confine gun* 
cotton, when firing, in strong cylinders in order to 
develop its full explosive force, and were careful 
moreover to maintain the papier-rnachiAi^iQ slabs 
perfectly dry, in which condition the Abel gun- 
cotton, if it is not explosive, is highly inflammabla 
Now, however, thanks to the discovery of Mr. E. 
0. Brown, another clever war chemist, we are in a 
position to keep our vast stores of gun-cotton in a 
wet and perfectly uninflammable condition, and can 
get it, besides, to do its full amount of work without 
having recourse to costly cylindei*s wherein to con - 
fine it. But I must explain matters here a little, 
before going further. 

The former method of firing gun-cotton was, as 
I havfe said, to place it dry, in a strong envelope, 
and explode it by means of a spark or flame. But 
it soon turned out that, like nitro-glycerine, gun 
cotton could be detonated. A slab of gun-cotton 



Fig. 2.--Iiiob Iron Plate, with Gun-Cotton Slab upon it. 
(A) Before Firing; (b) After Firing, sbowlng Perforation. 


placed upon an iron plate was found to explode with 
terrible violence, if a few grains of fulminate in a 
quill tube were put by its side and ignited (Fig. 2). 
The destructive action, indeed, was the same as if the 
material was nitro-glycerine and not gun-cotton. So 
that by simply altering the nature of ignition, 
we altered also the explosive effect. In fact, com- 
pressed gun-cotton turned out in the end to be quite 
sympathetic in its action ; a slab touched by a red 
hot iron or a flame responded only by burning freely, 
whereas when ignited by the more violent fulminate, 
the gun-cotton retorted with similar vehemence. 

This particular feature constitutes a great safe- 
guard in dealing with charges of dry gun-cotton, 
for so long as the material is not strongly confined. 
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and is not in the neighbourhood of violent explo- 
sives of the nature of fulminate, it is a far less 
dangerous substance than gunpowder. A barrel 
of gimpowdei* ignited by spark or flame would not 
fail to blow down any wall or barrier in contact 
with it, while a package of gun-cotton would have 
no such disastrous effect, but simply bum with con- 
siderable energy. Only in the event of its being 
ignited by detonation would the effect be an 
explosive one, and then the result would be many 
times greater than that of the gunpowder. 

But if dry gun-cotton bums vehemently, wet 
gun-cotton is absolutely uninflammable ; and this 
is what we nowadays employ for militaiy and naval 
purposes. All our stores of gun-cotton are wet, 
and thus, its greater safety compared to gunpowder 
is still moi'e marked. While strict watch and ward 
must ever be kept over a gunpowder magazine, to 
prevent spark or flame coming near it, there is no 
need whatever for such sj^ecial precautions in 
respect to wet gun-cotton. Again, gunpowder 
must be protected as much from damp as from fire, 
for it at once loses its valuable projierties as soon 
as water gets to it. But the adage, “ Keep your 
jx)wder dry ” does not apply to gun-cotton : the 
wetter it grows, the more uninflammable and safer 
it becomes, while it detonates just as readily whether 
it contains thirty or forty per cent, of water or has 
absorbed but one or two. You might put out a 


become invaluable for submarine blasting, and for 
torpedoes — ^purposes to which gunpowder, on the 
other hand, is little suited. 

But, it will be asked, how is it possible that gun- 
cotton reeking with water in tills fashion can pos- 
sibly be exploded. This is Mr. Brown’s discovery, 
to which I previously alluded. The detonation of 
dry gun-cotton was already an important step, but 
it was insigniflcant compared to the solution of the 
second problem. There is no difficulty in deto- 
nating dry gun-cotton, in the manner already pointed 
out, by means of a quill of fulminate powder; 
but as soon as the former has absorbed three or 
four iier cent, of water, then this small primary 
explosion fails to bring about detonation of the 
gun-cotton. Some other method of securing 
detonation is therefore necessary, and this was 
opixirtunely discovered. In a word, by using an 
intermediary between the primary charge of fulmi- 
nate and the wet gun-cotton, the result is at once 
secured (Fig. 3). The intermediaiy is a slab of dry 
giuiKiotton termed a ‘‘primer.” The fulminate, for 
convenience sake, is usually put in a quill tube, 
and this quill tube inseii^d into a hole in the gun- 
cotton slab, or primer. The quill of fulminate that 
furnishes the primary explosion is called a detonator, 
and the detonator fixed into the primer or dry gun- 
cotton slab causes the latter to explode (Fig. 1). 
The primer is usually placed in a waterproof bag 



Fig. a— Mode of Packing a Oim-Cotton Torpedo. 

fire with wet gnn-cotton, as you would with a wet 
blanket, and yet make use of the same material for 
blowing up a citadel For this reason it has 


to keep it dry, and around it is then placed 
the wet gun-cotton charge. This charge may be 
of any extent, for so long as some i)art of it is 
in contact with the pi’imer, the requisite con- 
ditions are fulfilled. The detonator explodes the 
dry gun-cotton primer, and the dry gun-cotton 
explodes the wet. So perfectly does the chain of 
events follow, that it is possible to improvise a 
tori)edo out of a potato-net full of wet gun- 
cotton ; all that is necessary, before casting the 
net into the sea is, to make 801 % that the primer 
and detonator in a little waterproof bag are pro- 
perly placed in contact with the wet cotton, 
and then the whole may be detonated with all 
the force of a modem torpedo. 

It matters little bow the quill of fulminate, or 
detonator, is exploded. In the case of moored 
torpedoes, the ignition is generally brought about 
by electricity, but a slow match or a quick match 
may be employed, as also friction or percussion. 
But a detonator is always indispensable, and when 
wet gnn-cotton is employed, then a primer is also 
wanted. As only a very small quantity of material 
is necessary for primers, the bulk of gun-cotton 
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in this country is kept in a wet, and therefore 
very safe, etate, for only, as I have shown, in the 
event of a detonator and a primer being in 
contact with wet gun-cotton, is the latter to be 
feared. 

Its most important application, without doubt, is 
in torpedoes and submarine mines. The tenible 
violence of a large charge of gun-cotton exploded 
under water far outrivals that of gunpowder. A 
torpedo of 450 lbs. of gun-cotton sunk some distance 
below the surface, will throw up a cone of water 
sixty feet in height, having a base of no less than 


torpedo is sent on its way to strike an enemy 
below the water-line, and as soon as the concussion 
takes place a detonator inside operates, which 
brings about the explosion of thirty or forty pounds 
of gun-cotton, a charge sufficient to blow a hole 
through many inches of iron (Fig. 5). Another kind 
of torpedo — ^the spar toi'pedo — is also charged with 
gun-cotton. In this case the weapon is carried in 
a swift steam launch, the charge being affixed to a 
long spar that proti*udes from the bow of the vessel. 
The launch runs close under the side of an enemy, 
and as it approaches allows the end of the spar, with 



Fig. 4 .— Four Hurdreb and Fifty Fouhub of Gun-Cotton Exploding in Forty Feet of Water. 
Height of Column of Water, 60 feet ; Breadth at l>aie, 220 feet. iFrm a Photograph.) 


two hundred and twenty feet (Fig. 4). No battle-ship, 
not even an ironclad, could escape destruction if it 
came within the limits of this upheaving of water. 
In fact, it has been pretty well proved that a heavy 
torpedo of this kind can strike an ironclad mortally 
if exploded within forty feet of the huH, or, in other 
words, a cushion of water foiliy feet in thickness 
is not sufficient to prevent the explosive foi*ce of 
the gun-cotton from blowing in the iron plating on 
the sides of a vessel. Gun-cott<m is also employed 
for charging the automatic fish torpedo. This 
cigar-shaped implement, measuring twelve or 
fourteen feet in length, which, by reason of the 
compressed air stored up inside, is capable of 
running some twenty miles an hour through the 
water for a considerable distance, carries a charge 
o£ compressed gun-cotton in its head. The fidi- 


the charge of gun-cotton attached, to dip into the 
water. Submerged in this manner, it is the object 
of those on board the launch to ignite the gun 
cotton as soon as ever it touches the hostile vessel. 
By means of electric wires in connection with the 
detonator, this is fired, and explodes the gun- 
cotton, which, in all probability, blows in the side 
of the enemy. 

Gun-cotton also receives important application 
by our artilleiy in the form of a water-shell that 
has been devised by Mr. Abel. This shell is 
nothing more than a hollow cylinder of iron con- 
taining gun-cotton and water. The shell is fired 
from a gun in the oidinary manner, and at the end 
of its journey is made to explode through the 
medium of a detonator inside it. The consequence 
is a most violent explosion, that i^atters the shell 
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into a thoosaiul fiagmenta. The gun-cotton 
fui’nishes the explosive force, and the water dis- 
tributes that force so equally against all sides of 
the shell that it is fractured in eveiy direction. 
As it is the object of ' shell-firing to break up 
and scatter the missile as completely as j^xjssible, 
this end is ensured in its entirety by a charge of 
this description, and hence the water-shell has 
obtained a murderous reputation equal to that of 
the dreaded shrapnel. 


which cuts down the heaviest timber as cleanly as 
with an axe. It merely suffices to place a row of 
gun-cotton slabs at the foot of a stockade just 
touching one another, or in the case of a stout 
tree to string the slabs in the form of necklace and 
hang it about the base of the trunk, and on the 
firing of a detonator, the explosive foice is com- 
municated instantly from^ one slab to another. 
The result is a sharp train of fire that levels any 
barrier in its vicinity. To show how fast this 




A Whitehead Tobfedo chaboed with Guh-Cottoh Strikiho a Ship. 


In military engineering, gun-cotton has also its 
place. Not only do our sappers employ the ex- 
plosive in levelling old fortifications and clearing 
away dangerous or disused structures, but it is 
used also for military mining. A crater in the 
earth is much more readily formed by a charge of 
gun-cotton than gunpowder, and for counter- 
mining — or neutralising the mining operations of 
an enemy — ^the newer explosive is also more efli- 
cacious. In the removal of rocks, whether on 
land or at sea, gunpowder has long been super- 
seded, as also for the purpose of blowing up 
wreckage or obstructions in a channel or roadstead. 
Stockades may l)e razed to the ground, and trees 
felled, without difilculty by compressed gun-cotton, 


detonative action travels along a line of gun-cotton 
slabs, and therefore how instantly the whole chaxge 
is fired, I may mention that Mr. Abel has cal- 
culated that its speed is second only to that of 
electricity and light. Detonation along a line of 
compressed gun-cotton travels from 17,000 to 
19,000 feet in a second, or, in other words, at the 
rate of 200 miles in a minute. So that a train of 
gun-cotton, reaching from London to Edinburgh, 
if ignited in the English metro})oliB, would com- 
municate fire to the terminus in Scotland within 
the space of two minutes. 

The cavalry pioneer is a modem soldier, who 
owes his being to our new explosives. He must 
not be confounded with the Prussian Uhlans, that 
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swept the fair land of France in the last war, and 
struck terror into the hearts of townsmen and 
villagei's. The task of the Uhlan was to levy contri- 
butions and secure stores ; the cavalry pioneer tears 
up rails, cuts bridges, and renders roads impassable. 
He. is well mounted and lightly aimed, and selected 
from his brother troopers by reason of his pluck and 
daring. The cavalry pioneer carries a belt, in which 
is packed small charges of guncotton or dynamite, 
and with these he works his mischief A supply 
of slow-match and a few detonators complete his 
equipment, and he should be able to make a dash 


same way precisely a telegraph-iK)le may be cut, 
and wires and communications broken, in a hostile 
country by a couple of fearless riders, who have but 
to draw rein for a moment to effect their object. 
Light bridges are demolished by the employment 
of somewhat heavier charges, and a forest-road 
might be considerably obstructed by the rapid fell- 
ing of trees across it, by half-a-dozen men amply 
supplied with charges. Finally, gun-cotton is to 
be used in future for disabling an enemy^s guns, 
in place of the spike and the armourer’s hammer. 
A small charge thrust into the mouth of a field- 



Fig. 6 .~Cayalrt Fxonesr Exploding a Charge of Qun-Cotton upon a Bailwat. 


of twenty or thirty miles into an enemy’s country 
without fear of capture. A slab of gun-cotton that 
he carries, merely placed upon one of the metals of 
a railway, and fii'ed by slow-match and detonator, 
suffices to blow away haJf-a-dozenfeet of rfil, and thus 
render the line unserviceable (Fig. 6). The operation 
is very quickly performed by a couple of pioneere, 
one of whom dismounts, while the other holds his 
horsa The charge is rapidly set upon the rail, the 
slow-match ignited, and the trooper in his saddle 
again within sixty seconds. Before he has galloped 
fifty yards the explosion takes place, and mischief 
has been done that can be repaired only on the 
arrival of proper mateiial and skilled labour. Under 
such circumstances, a daiing pioneer might effect 
his woik almost in sight of the enemy. In the 


piece, or simply wired upon the muzzle, suffices on 
ignition to bi-eak up the weapon, or at any rate 
so to mutilate it as to render further employment 
impossible. 

Thus it will be seen that the new explosives have 
a distinct role of their own. Gun-cotton, I have 
said, has been chosen by the military authorities in 
this country from among all these various bodies, 
and for this reason I have alluded more especially 
to it. But some of the nitro-glycerine comi>ourids 
have been found to answer the same purposes equally 
well ; and there ai’e foi^eign States w^hich prefer to use 
dynamite where we in England employ compressed 
gun-cotton. Indeed, for industrial pui*iioses such 
as blasting and quarrying, the plastic character 
of dynamite and litho-fracteur is especially useful, 
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just as, on the other hand, gun-cotton seems to lend 
itself better for certain military operations. The 
new explosives are now manufactured in very large 
quantities both at home and abroad, and several 
hundred tons of them are yearly consumed. In 
Great Britain there are two gun-cotton factories, 
at Faversham and at Stowmarket, besides the 
Government factory at Waltham Abbey ; and one 
large manufactory of dynamite, and other nitro- 
glycerine pi'eparations, at Ardeer, in Scotland. 
On the Continent there are also establishments 
where both nitro-glycerine and gun-cotton are 
manufactured, the fomer in very large quantities. 
Their employment therefore for militaiy and 
industrial purposes has become a very substantial 
fact. 

For all this, however, neither gun-cotton nor the 


nitro-glycerine preparations are likely to supersede 
gunpowder. The position of that ancient explosive, 
that has served us so well for centuries past, is, 
indeed, scarcely affected by the more modem in- 
ventions. For fire-arms, rifles as well as heavy 
cannon, we must still invoke the aid of villainous 
saltpetre.” We cannot do without it. At the same 
time it is equally certain that for particular purposes 
our new explosives are far more effective. Where 
there is need of great disruptive force, or where 
there is reason to fear the charge will come into 
contact with water, or even a moist atmosphere, 
gun-cotton and nitro-glycerine are decidedly pi^efer- 
able to gunpowder. In a word, each explosive has 
a part of its own to perform, and it is for the in- 
telligent engineer to select that which fulfils his 
purpose the best. 


THE GRAVEL ON THE GARDEN PATH. 

By B. B. Woodward, F.Gr.S., 

Honorary Librarian to the Geoloijlele* Auociation. 


ITH the return of summer the thoughts of 
the suburban householder naturally turn to 
his gaixlen. When the flower-beds have been 
weeded, and made tidy, and the grass-plot mown 
and rolled, fresh gravel is strewn on the paths ; its 
bright orange-red colour affording to the eye a 
pleasant contrast to the fresh yellow-green of the 
young gress-blades, and the sombre brown-black 
mould on the flower-beds. Gradually the gravel, 
by dint of being trodden down and rolled, « binds ” 
together, forming a clean dry path, on which to 
walk uf) and down and enjoy the air on a summer’s 
evening. Here only too probably, the interest of 
the householder in it ceases. 

Suppose, however, that we direct our steps to the 
nearest gravel-heap, or, better still, make our way 
to a pit whence it is being dug, somewhere, let us 
say, in the western or south-western suburbs of 
London — ^for plenty are to be found there, especially 
where houses are building and new streets being 
formed. 

Here we shall probably find a section somewhat 
as follows (Fig. 1). First a foot or so of surface 
soil on the top. Then several feet of yellowish- 
brown sandy clay, called “ brick-earth.” This, as 
its name denotes, is largely used for brick-making ; 
in consequence of which, it is generally cleared off 
the land and converted into bricks before any 


houses are built on the spot. Below this brick- 
earth is the gi’avel we have come to see, which here 
may be as much, per- 
haps, as fifteen feet 
thick. We cannot see 
the base of it, as the 
section is not continued 
down to the London 
clay on which it rests, 
the workmen being 
obliged to leave two or 
more feet at the bottom, 
owing to the quantity 
of water contained in it. 

The presence of this 
water is due to the rain 
that falls on the surface 
and soaks through till it comes to the clay below. 
Not being able to ^^ermeate the clay, the water col- 
lects at the bottom of the gravel and filters gradually 
down the sloping surface of the clay to the river. By 
leaving, therefore, some of the gravel at the bottom, 
an efficient natural drainage results ; so that houses 
built on the gravel are, as a rule, drier and healthier 
than those on the clay. For some time, too, 
the presence of this water at an easily accessibk 
depth from the surface of the ground, rendered it 
available as a source of vrater-supply for domestic 




GraveU 


(Water) 

London 


Pig. 1.— Section in a Qrayel Pit 
near Londtn. 
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purposes. Hence the reason that the oldest centres 
of habitation around London are all situated on the 
gravel. 

At first sight, the gravel in the section seems to 
consist of large and small stones indiscriminately 
mixed up together. Here and there are some 
seams of sand inclined at various angles, or some- 
times in a horizontal position. A sj^cies of 
arrangement can, however, be made out, when, 
aided by these seams of sand, a closer inspection is 
made. By noticing the direction in which the 
longer axes of the pebbles point, a series of parallel 
lines or curves can be traced, abruptly terminated 
by another set of lines or curves inclined at a dif- 
ferent angle ; these in their turn are terminated by 
a third set, and so on. 

This kind of arrangement, known to geologists 
as “ false bedding,” is occasioned by the currents in 
the waters beneath which they were deposited, 
aided by the tendency pebbles have in a swift 
stream to place themselves in slanting positions, 
sloping up in the direction of the current^ as shown 
in the ticcompanying cut (Fig. 2). 

On turning in the next place to the stones them- 
selves, the advantage of studying them in situ 

becomes apparent, 
for all the larger 
stones, from which 
the most is to be 

Pig. 2.— Showing the Position assamed 

by Pebbles in a Swift Stream. learnt, are Sifted 

out for road-metal, 
the finer gravel, and the sand, with which the 
whole is mixed up, being alone used for the garden 
path. 

Nothing can exceed the diversity of shapes and 
sizes that these stones assume. Some are worn 
smooth, and are round, oval, or pear-shaped; others 
ai'e all angles and corners, only the sharp edges 
being rubbed off. Others, again, are angular ; but 
the comers are considerably rounded, and to these 
the expression sub-angular” is applied. In colour, 
likewise, they vary considerably. Some are black, 
some nearly white, a few are reddish, but the 
majority are of a rusty-brown colour, being stained 
by the iron which the water, percolating through the 
bed, carries with it in solution. By far the greater 
number prove, on investigation, to be flints. Of the 
rest some few are nearly pure quartz, and a good 
many are “ quai'tzites,” or quartzose sandstones.” 
These two last terms are given to rocks composed 
of small grains of quartz (t.6., sand) that have 
either been fused together by heat, or cemented by 
silica deposited from water. If the grains are 


loosely connected, it will be a quartzose sand- 
stone,” if closely agglutinated, a ‘‘quartzite,” or, if 
very compact indeed, a “ quartz-rock.” 

The questions that then naturally arise to one’s 
mind, are — How are we to account for the presence 
of the many and various i>ebbles in this six)t? 
Where did they come from? How did they get 
here? 

The solution of these problems necessitates a 
temporaiy adjournment from the gravel-pit, to the 
side of some little stream, ninning, let us say, 
through a limestone country, where the water has 
cut a glen, or small valley of its own in the lime- 
stone, and goes nishing over its rocky bed at the 
bottom, between the steep banks capped with low 
cliffs. 

Here, if we have read to any purpose the papers 
that have already appeared in these pages about 
“Hills, Dales, and Valleys,”* and about “Rivers, 
and their Work,”t we shall be able to understand 
what is going on amund us, and its bearing on the 
subject in hand. 

On every side the agents of denudation there 
spoken of are busy plying their work in this quiet 
nook. The steep slopes on either side are strewn 
over with the blocks of limestone, large and small, 
which the rains and frosts have detached from the 
cliffs above, and which lie slowly crumbling to 
pieces. Some of these blocks have fallen into the 
stream, and are there being giudually worn down 
smaller and smaller. This is effected in two ways : 
mechanically, by nibbing the pieces together so 
that they grind each other down ; and chemically, 
since the water, or rather the acid in the water, 
dissolves the limestone, and caiTies it off piecemeal 
in solution. 

The first-named process especially takes place in 
times of flood, after heavy rains, when the swollen 
stream acquires sufficient force to roll pieces exen 
of a considerable size down with it, towards the 
sea, grinding them together. 

As we proceed down the valley, it widens out ; 
the limestone cliffs receding on either side, till the 
newly fallen rocks no longer reach our original 
stream, and the duty of their transportation de- 
volves on the numerous small tributary rivulets 
that now join it on either hand. Still proceeding 
downwards, the pebbles dwindling in size as we go, 
our sti’eam is at length joined by another one of 
its own size. In this we find that the pebbles are 
of quite a different kind. Instead of limestone u e 
meet everywhere with sandstone, and. were we to 
* Vol. I.. D. lia t Ih,, i>. 208 . 
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trace this stream \ip to its source, we should find 
the same process going on there as we noticed in 
our original one, merely substituting sandstone for 
limestone. There is another difference, however, 
of which notice should be taken. Whereas in our 
limestone stream there was a dearth of sand, and 
only here and thei’e in the deeper hollows ' a little 
reddish mud was lurking, the bed of our new 
stream shows a great deal of sand mixed with the 
stones at the bottom. Sandstone is much less 
easily worn down than limestone, nor can the water 
dissolve the fonner and cany it off in solution as it 
can the latter, so that the small pieces of sandstone 
that ai'e knocked off remain behind, and are gradu- 
ally ground down into sand. Following these 
united streams in their seaward course, we observe 
how the two sorts of pebbles get intermingled, and 
on the whole dwindle in size, especially the lime- 
stones, whilst sand and mud become more plentiful. 
A third stream soon joins them, containing, likely 
enough, yet other pebbles, and the whole piocess is 
again repeated ; the stones being slowly swept 
down the valley till the lower gi'ound is reached, 
and the river becomes too sluggish to transport 
them farther. 

Another important agent in moving stones down 
stream is ice. When the streams are frozen over, 
the pebbles near the banks frequently get embedded 
in the ice, which on breaking up floats down the 
stream, dropping its burden as it melts. 

These pebbles, or gravel, as they would collec- 
tively be called, together with the sand and mud 
that we have been watching in their progress 
down the stream, are nothing more than the chips 
and shavings, so to speak, on the floor of Nature’s 
great workshop, where she is busily employed in 
slpwly, but surely, remodelling and altering the 
hills, dales, and valleys, around us. Not that they 
are wasted : she wastes nothing. The greater part 
of them, as we have already leamt,* ultimately 
find their way to the sea, there to be spread out 
on the bottom and made into new land ready for 
use when the present shall be worn out. 

Such being the case, can we attribute a like 
origin to the stones in our gravel-pit ? can we show 
that they are derived from the different strata over 
which the Thames flows ? were they brought here 
by that river ? and if so, why are they so far re- 
moved from its influence 1 

The beds around London consist of sands, clays, 
pebble beds, or gravel, and chalk. The ideal quarry 
we visited some little time backt is a sort of 

* “Science for All,” Vol T., p. US. + Vol, I., p. 65. 


diagrammatic epitome of these beds, which, with 
the exception of the two top ones, i and contain, 
as we saw, few hard materials save flints. It is, 
therefore, easy to understand that a stream running 
over rocks such as these would speedily wash away 
the softer materials and cairy them off to sea, 
leaving only the obdurate flints behind in the 
valley. Flints, moreover, being amongst the 
hardest of stones, are not easily worn down, nor 
can they be dissolved by the water ; consequently, 
if they are derived from the strata around they 
ought to be readily recognised by any such pecu- 
liarities of form, (fee., as they exhibited in their 
parent beds. That such is actually the case you 
may readily see for yourself. 

Tlie smooth round black pebbles can surely have 
come only from one of the old sea-beaches, either 
bed d or g. The most angular foims, but slightly 
stained with iron, were probably obtained diroctly 
from the chalk. J The sub-angular varieties may 
be traced either to the “ drift ” beds (i and h) or to 
the gravel beds overlying the London clay, and not 
shown in the quarry; but of these more anon. 
Careful search will almost certainly result in the 
discovery of one of the green-coated flints from bed 
6. The quartzites, with a few exceptions, come 
from the drift beds, whither they wero brought 
from long distances far north. They boast a much 
more ancient i)edigree than the flints. Tom from 
their parent rocks, they were rolled and rounded on 
some old sea-shore in Triassic times, § were covered 
by other deposits hundreds of feet thick ; were 
consolidated together, upheaved and brought to 
light again, to become once more the victims of 
denuding agencies, that finally in the shape of ice 
transported them to the Tl)ames Valley, and left 
them with other debris in the glacial series. 

Whilst these far-travelled quartzites are abun- 
dant in our gi*avel, any fragments of the oolitic 
limestones that form the upper part of the basin of 
the Thames are rarely to be met with, the water 
dissolving them apparently long before they reach 
thus far down the river. 

To enumerate all the stones in the gravel, and to 
sketch their history, is not our intention. It is 
sufficient for our purpose to show, by quoting the 
commoner ones, tlmt our surmise as to their origin 
is correct. 

Were any further proof wanted that these stones 

X Of course all the flints were originaily deifSred from the 
chalk. Many interesting examples of chalk fossils— sponges, 
casts of sea urdiins, &c.— may be obtained in a gravel-pii 

§ See Frontispiece to “ Science for All,” VoL L 
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were brought here by the river, it would be 
furnished by the shells of fresh-water molluscs, 
specifically identical with those now li^ing in the 
Thames, which have been found in places amongst 
the gravel. 

In places, too, the bones of the animals that 
roamed on its banks have been dug up. The 
mammoth or hairy elephant, the hairy rhino- 
ceros, the reindeer, the musk ox, were among 
the winter visitants, their places in the summer 
season being taken by another elephant, tlie wild 
horse, lion, bear, hyaena, and even the hippo- 
potamus. Remains of the lastmamed animal have 
been found as far north even as Yorkshire.’*^ 
Tlmt man was present also, the stone implements 
of his manufacture attest. 

In the older beds of gravel these consist of rudely- 
chipped flints; but in the newer beds the stone 
axes, celts ” as they are sometimes called, made out 
of hard volcanic rocks by the laborious process of 
grinding one stone against another, clearly show an 
advance . in civilisation. These implements, pre- 
valent in most river gravels, and in many caverns, 
are of the same types as those found in the Danish 
kitchen middens.t 

Having established the point that this gravel 
was brought hither by the river, we must now 


by gravels each at a different level one below the 
other; like steps in a staircase. These steps or 
terraces are the result of the eix>sive action of the 
river working in two ways, — firstly in a vertical 
direction downwards, deepening the valley, and 
secondly in a horizontal direction, cutting laterally 
into the sides of the valley as it zigzags across it 
This last method will be best explained by referring 
to the annexed diagram (Fig. 3). 



The current of the stream (shown by the arrows) 
striking against the banks at the points marked 
a, a, a, gradually wears them away whilst a corre- 
sponding silting up goes on at the opposite points 
marked 6, 6, h. Where the river, meeting with some 
obstruction, takes a large sweep and winds back again 
upon itself, as at the point A, a new channel will in 
course of time be formed there, the old one at B 
will be silted up, and after a time the river would 



Fig. 4.-*DuaRAMiiiLTic Sbctxor Across a River Valley to show the Formation or Terbacrs or Gravel 

AT THE Sides or the Valley. 


endeavour to ascei'tain why the river no longer 
flows over this spot. A glance at a geological map 
will soon show that the gravel in our pit is part 
of a continuous layer stretching from the liver’s 
mouth up to Maidenhead, and extending for a 
greater or less distance inland from either bank. 
Furthermore, if the map show the contour lines, 
that is to say, lines formed by joining together all 
the points on the surface of the ground that are the 
same height (generally 10 ft., 20 ft., &c.) above 
high-water mark, the fact becomes apparent that 
these gravels are at different heights above the 
level of the river. /Thus Wimbledon Common, 
Clapham Common, and Barnes Common are covered 
* See ‘ Sdenoe for All,” VoL I. , p. 288. t Vol IL , p 102. 


occupy somewhat the position indicated by the 
dotted lines. And so on. 

Sealing this double erosive action in mind, it 
follows that as the valley gets deeper and deeper, 
so the river flows at successively lower and lower 
levels, and in its meandeiing course cuts back the 
very beds of gravel it had formerly de^wsited. 
Thus in Fig. 4, which represents a diagi^ammatic 
section across a river valley, the river at first flows 
at the level indicated by the dotted line a, strewing 
its course with gravel and sand. Gradually it cuts 
its way down to the level marked 6, and working 
through its old gravel beds, leaves only the patches 
w, w', on either side of its valley. Still cutting its 
way down, the lower levels, c and d, are successively 
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re.iched, and the same phenomena repeated (x, y), 
A series of terraces, or, more generally, patches of 
l^a'avel, are thus left behind one above the othei on 
the slope of the valley. The closer the river ran to 
base, the steeper the terrace became. These 
terraces are, of course, not continuous all along the 
river-valley ; nor are they always to be found one 
above another in close proximity, as represented on 
the right hand of our diagram ; sometimes one out 
of the series in a river-valley will be wanting at a 
given spot, sometimes another. Frequently, too, 
some of them will merge into each other and form a 
continuous layer, as shown on the left-hand side of 
our diagram (w', x', y'). Though originally deposited 
beneath the water, these terraces are now left high 
above it, and it is in just such an old terrace of 
gravel that our pit has been dug. 

Tlie brick-earth on the top is a tranquil water 
deposit, and was laid down when the water no 
longer covered the gravel save in times of flood. 
The swollen river overflowed its banks, spread 
over the flats around, and on returning left a 
coating of sandy mud behind, in precisely the same 
manner as it now, after a season of heavy rain, 
floods the low-lying lands on either bank, leaving 
on its departure a layer, a few inches thick, of 
unsavoury black mud. 

At the time when these old gravels were deposited, 
the land doubtless stood at a higher elevation above 
the sea; the climate was colder; the rainfall greater, 
and consequently the river far larger, more powerful 
and more liable to floods than at the present day. 

Since — as we trust is by this time clearly shown 
— there exists so close a relationship between the 
Htonos of a river gravel and the rocks over which 
that river flows, and in which it has cut its valley, 
it follows that whilst, on the one hand, a knowledge 
of the diflferent kinds of rock present in any given 
catchment basin will enable one to judge pretty 
accurately what the nature of the river gravels will 
bo, an inspection of the gravel-beds of a river will, 
on the other hand, furnish a tolerable clue to the 
kinds of rock one may expect to find in the area it 
drains. 

In those districts where mineral veins are plenti- 
ful, fragments of the ores, if not liable to decom- 
position in water, will be obtained from the beds of 
the streams. 

A familiar instance of this is to be met with in 
Cornwall, where the gullies and water-courses 
abound in places with what is known as ^ stream- 
tin ” — that is to say, pieces of tin-ore. These rolled 
fragments can readily be traced to the veins of that 


metal in the rocks through which the stream has 
cut its way. Numerous stream-tin works have 
been established in the county for washing the 
gravels and picking out the pieces of ore. The 
process is less expensive than mining or quarrying 
the lodes,” and the results are generally most 
satisfactory to the fortunate owner. 

Tin being pretty widely distributed over the 
world, it is frequently found in the alluvial soils 
of rivers, and new works are constantly being 
started in difierent quarters of the globe. One of 
the latest recorded is in the Malay Peninsula. 

Nine-tenths of the gold of the world, we are told 
(p. 73), is obtained by washing the alluvial soils of 
rivers (the ‘‘ drift ” of the gold-digger, and not to be 
confounded with the “drift” of the geologist). 
“ Weathered” out of the quartz-reefs, the little bits 
of gold were washed down the valley by the stream 
and dropped in its channel as the velocity of the 
current abated. Proix)rtionately heavier than the 
rest of the detritus with which it was associated, it 
sank soonest, and is therefore found more abun- 
dantly at the base of the “ drift ” and next to the 
“ bottom rock.” 

Iron is present in nearly all gravels in the form 
of oxide of iron — iron-nist — staining the pebbles, 
and sometimes cementing the stones and sand 
into hard masses. 

Precious stones are likewise largely obtained 
from river gravels. Sai)phires and diamonds are 
found associated with the stream-tin in the rivei*- 
valleys of New South Wales. The diamond is 
commonly met with in the auriferous “ drifts ” in 
Russia, Brazil, and Australia, as well as in the 
river-gravels of South Africa. Isolated and rolled 
crystals of the ruby ara present in the river-beds of 
Ceylon and Siam. The less precious agates, in all 
their varieties, such as carnelian, chalcedony, onyx, 
&c., are extremely abundant in many river channels 
where the stream runs through a district in which 
volcanic rocks are present. So likewise ai*e their 
close relations, the jaspei's. 

Hitherto we have spoken only of gravels that 
’ .ave been formed in fresh water, but large de}X>sits 
both have been, and are foming -at the j)resent 
day on the coast and under the sea. The fragments 
of which they are in this case composed, being 
derived from the neighboining cliifs, and gi'ound 
down by the waves on the beach. The softer 
materials are carried out to sea, and deposited as 
mud in deep water. Next in order, proceeding 
shorewards come the sands, which are the result of 
the attrition of the gravel, then the shingle, and 
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finally the beach. The gradual transition from the 
coarse d6bri8 on the beach down to the sand at 
low water mark is often very prettily displayed, 
as for instance at Freshwater Bay, in the Isle of 
Wight, where it is impossible to tell when one ends 
and the other begins. 

Marine pebble beds in courae of formation at the 
present day are usually termed “ shingle ” in dis- 
tinction to the fresh-water gravel ; but geologists 
apply the name gravel ” to both indiscriminately, 
when they occur in the geological series. Thus 
this term is applied to those beds of pebbles and 
sand in the glacial drifts that are spread over the 
greater part of England to a depth in places of more 
than 40 ft., and which, as we have already shown 
{Vol. I., p. 69), were deposited under marine 
conditions. 

Another old marine gravel of earlier date is that 
from which many, if not most of the sub-angular 
flints in our gravel-pit came. Its position is 
directly above the London clay, and patches of it 
are to be seen on the tops of the hills at Hamp- 
stead, at Harrow, at places in Essex, and capping 
the high ground near Aldershot and Bagshot, from 
which latter place it takes its name. The position 
of these isolated patches shows that it formerly 
spread over the greater part of the Thames Valley 
below Reading. As these beds were of consider- 
able thickness, and the traces left of them are 
small indeed, compai’ed to the quantity worn 
away, the amount of denudation through which 
they have passed must have been enormous. 

Below the London clay, again, there are some 
more marine pebble, or gravel beds. Two are repre- 


sented in the quarry section (d and g). Of this age, 
also, is the well-known Hertfordshire pudding-stone, 
in which the sand and stones have become so firmly 
cemented together, that when struck with a hammer 
it breaks in pieces through pebbles and all, as 
though it were one solid mass. A rock of this 
description is in geological parlance called a 
conglomerate ; ” wei’e the pebbles angular instead 
of round, it would be a “ breccia.*' 

As we run our eye down the succeeding strata in 
the geological table, “ conglomerates** and “breccias** 
come in ever and anon ; but the oldest yet known 
are those lately described in the Precambrian rocks 
of South Wales. 

Just as the stones in the fresh-water gravels 
furnish a clue to the rocks in the river basin, so 
the pebbles in the marine ones give a hint as to the 
probable nature of the coast-line whence they wei*e 
derived, and the student of past changes on the 
surface of the globe looks to the old pebble-beds, 
congloi^erates, and breccias for aid in reconstmcting 
as nearly as may be the distribution of land and 
sea that obtained at the diflerent periods of the 
world’s history. 

Both conditions of formation are of interest to 
all intelligent people, inasmuch as they evince the 
gradual way in which changes in the shape of the 
land proceed or evolve, so to speak, under our 
very eyes. Both tell the same story concerning the 
economy of Nature, and the indestructibility of 
matter ; deposition and reconstruction going on in 
one spot, simultaneously and in proporiion to the 
amount of waste and denudation that takes place 
at another. 


A PEAT-BOG. 

By T. Rupert Jones, F.R.^., F.G.S., etc., 
LiUe Profmor of Qoology^ Staff College, Sandhuret, 


P EAT-BOGS, peat-mosses, turf-moors, and tur- 
baries, are flat marshy areas in which a long- 
continued gi*owth of water-plants has formed a 
rotten mass of soft black material, having a 
generally level surface, with or without green 
vegetation. They are met with in many countries, 
mostly in the temperate and sub-arctic zones, but 
some in warmer latitudes, as the “Dismal Swamp** 
in Virginia and North Carolina. Within the tropics 
decomposition goes on too quickly to allow of the 
accumulation of successive generations of plants. 


When cut into, in the process of digging peat, 
such a bog or moss as we meet with so extensively 
in Ireland, for instance, is seen to consist of — (1) 
An upi>ermost brownish layer of roots and fibres, 
light and loose in texture, easily dug out in square 
sods, and soon dried in the air as “ turf ** for fuel ; 
(2) below this is a moister, denser, and blacker mass 
of decomposed plants, somewhat like rotten wood, 
but still fibrous enough to hold together when dug 
out with the peat-spades, in long square clods 
(“long squares**), to be stacked and dried; and 
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this passes downwards into (3) either a hard, 
bituminous, coal * like peat, or into a black 
sludge, which, after having been scooped out 
and dried on the ground, can be cross-cut into 
cubical blocks fit for burning. The several beds 
vary among themselves, and in different places, 
from a few inches to ten or more feet in thickness. 
The brownness of the turf, and the blackness of the 
peat, ai*e due, we may note, to the changes which 
the woody matters of trees and herbage have under- 
gone towai*ds the stage of bituniinisation, or, as the 
chemist would say, production of hydro-carbons. 

The whole lies on an impervious layer of either 
shell-mai’l or clay; sometimes with iron oxide (bog- 
iron-oi*e or limonite) in large quantities. These 
deposits, from water first occupying the hollow area, 
filled up the pores and crevices of the bed-rock, 
whatever that may be, and thus “puddled” the 
bottom, making it water-tight. 

To revert to the peat — the nature and thickness 
of the several layers above described, and the 
quality of the peat, vary according to the differences 
in climate and drainage of the places where 
the bogs have been formed, the various plants 
natuml to the different localities, and the amount 
and kind of alluvial matters deposited among the 
aquatic plants, whetlier dead or alive. 

The surface of a bog may be green with living 
moss, sedge, I'eeds, grasses, hoi’se-tails, and other 
plants ; it may have the blackness of the decayed 
vegetable mass beneath; it may be brown where 
turfy and dried (sometimes grey and tow-like 
when comix)sed of dry, dead bog-moss), or various 
patches of green, black, and brown may form the 
surface. 

The black uncovered mud is impassable over wide 
areas in many peat-swamps. Elsewhere a thin, 
tough crust of fibrous roots and creeping stems of 
plants — either living, as in the bright green Irish 
“ scraws,” or dead, but not yet rotten, as in brown 
turf— covers the soft black mud, and just bears a 
swift runner over the quaking bog. 

Tufted lumjMa of vegetation, in many parts, give 
a foothold to the bog-trotter, while more continuous 
growths of matted plants afford tortuous paths to 
the half-wild pony of the turf-cutter, as formerly to 
the reckless moss-trooper. 

Elsewhere the bogs present a broad, brown level 
of thick, tough turf, which can be walked on, and 
shot over with dog and gun, in search of snipe and 
other birds frequenting the moister portions, ponds, 
and watercourses. Sometimes the “ turf ” is eight 
or ten feet thick, but often it thins out to a few 


inches, and then the venturesome sportsman sinks 
suddenly to his armpits. 

An Alpine bog has the following history : — ^A 
mountain lake is formed when the flow of water 
gathered from mist, rain, and snow, is gradually 
intercepted by the hardy moss and stunted herbage, 
or more suddenly checked high up in a valley by 
gravel heaped by storm-waters in the gorge. Some- 
times a lake is formed by the moiaine of a spent 
glacier, acting as a dam. When the water of this 
upland lake has reached its limit of detention, it is 
gradually encroached upon by the water sword- 
flag (lobelia doitmanna), some floating riband-worts 
(sparganium natans), and straggling dwarfs of lake- 
rush (scii'pus lacustris), all tending to displace the 
water until in time a bog supplants the lake. In 
the lowlands, with warmer valleys, the marahy 
lakes have a far gi*eater variety of aquatic plants. 
Thus on the borders of our streams or shallow 
lakes (and even in the side-diggings of railway and 
such-like i)onds) we find among the rank vegeta- 
tion, adding largely by rotted leaves, stems, and 
roots to the black mud of the encroaching margins, 
the following plants ; — Bur-reed (sparganium), 
reed - mace (typha), bog-rush (schcenus), rush 
(scirpus), sedge (cyperus and tvasus), club-rush 
(elsBocharis), grass-rush (cai*ex), beak-rush (rhyn- 
chospora), reed (arundo), water meadow-grass (poa), 
water sweet-gi’ass (catabi*osia), reed-gi*ass (calama- 
grostis), sweet-flag (acorus), toad-grass (j uncus), 
yellow flag or “ seggs” (iris), arrow-head (sagittaria), 
water-plantain (alisma), water-gladiole (biitumus), 
l^eachwort (i)ersicaria), water-violet or bog-featlier- 
foil (hottonia), buck-bean (menyanthes), forget-me- 
not (myosotis), water sword-flag (lobelia), water- 
parsnip (sium), cowbane (cicuta), water-dropwort 
(oenanthe), water-hemlock (phellandrium), water- 
cress (nasturtium), crowfoot and marsh-marigold 
(itinunculus). Of the fenis that grow on water- 
margins, blechnum and osmunda, hard and royal 
ferns, are with us the most notable; and one of 
the thread-mosses (bryum) flourishes there also. 
Important adjuncts to these, freely invading the 
water in some places, are the creeping club-moss 
(lycopodium), and the bog-moss (sphagnum) ; whilst 
the needly hairy-mouth moss (trichostomum), the 
river bristle-moss (orthotrichum), and the water moss 
(fontinalis), live in the water itself. Other plants, 
bending to the surface of the water, stretch off 
from land, such as some kinds of riband -wort 
(patanarium) and smooth-rush (isolepis), the flute- 
grass (glyceria), floating-rush (juncus), and the 
floating feather-moss (hypnum). 
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In the water flourish the pepper-grass (pilularia), 
horse-tail (equisetum), sttfne-wort (chant and nitella), 
pond-weed (zannichellia), river- weed (potamogeton), 
frogbit (hydrocharis), vallisneria in waim climates, 
pontederia and anacharis in America, water-soldiei* 
(statiotes), hom-wort (ceratophyllum), water-mil- 
foil (myiiophyllum), yellow and white water- 
lilies (nuphar and nymphaea), water - crowfoot 
(batrachiiim), and duck-weed (lemna). 

These accumulate vegetable matter in a rotting 
mass, and form ‘‘ submerged ” jjeat, or that at the 
bottom of the water. 

Of the plants already mentioned, some, such as 
the river-weed, frogbit, water-crowfoot, and duck- 
weed, float on the surface, and freely aid the 
marginal water -weeds in forming turfy rafts, 
floating, perhaps quite free, on some lakes, but 
rarely safe for human footstep. Thickened and 
covered by further growths, and at length over- 
weighted, or enveloped by flood-mud, they sink to 
the bottom, and help to make the submerged” 
peat. 

The minute but innumerable plants of simple 
structure, which live everywhere in both running 
and standing waters, add considerably to the peat 
mass. Besides the microscopic desmidiaceie, there 
are many families of the confervoideje, seen in 
floating, flocculent, gi’eenish clouds of delicate silky 
filaments, outspread or interwoven, until they have 
passed their season, and sunk among the ruins of 
the larger water-plants. 

The allied and associated minute diatomaceaj, 
with their microscopic shields, valves, frustules, or 
testules of pure silica, of exquisite form and sym- 
metry, accumulate layers on the mud, or adhere to 
stems and leaves, or live amongst the confervoid 
filaments. In such waters as are favourable to 
them, the diatonis so abound that their imperish- 
able frustules form a white meal-like deposit known 
as tripoli, polishing slate (polier-schiefer), mountain- 
meal (berg-mehl), flint-froth (kieselguhr), “Lord 
Roden's polishing - powder,” &c., and formerly 
“infusorial earth,” until it was discovered that 
diatomace^ are really plants and not infusoria. 

The peaty mass accumulated by these aquatic 
plants, and just rising above the inundation-level, 
becomes an “ emerged ” j)eat-moss, and gets its own 
pai'ticular set of plants as soon as the surface is 
free enough from superfluous water for those that 
require only a wet soil for their roots (so, also, in 
the early stage of a bog on a heath or hill-side, 
before it stops water enough for the purely aquatic 
plants). On these bogs, and adding to their turfy 


surface in many places, flourish the mud and mai'sli 
varieties of horsetail (equisetum), marsh bent-giass 
(vilfa), mai-sh silk-grass (apem), pipewort (erio- 
caulon), rush (juncus), bastard asph^el (abama), 
Scotch asphodel (tofieldia), marsh-rush (chastospora), 
bog-nish (schcenus), rush (scirpus), hare’s -tail 
(trichophorum), cotton-grass (eriophonim), scheuch- 
zeria, marsh - lousewoit (pedicularia), and the 
insect-catching sundew (drosera). Several mosses, 
as fork-moss (dicranum), feather-moss (hypnum), 
hair-moss (polytrichum), and jungermannia, also 
affect these moist surfaces, and add to their spongi- 
ness. Still more effective are other feather-mosses 
with the bog -mosses (sphagnum), gland -moss 
(splachnum), grey marsh-moss (bartramia), and 
some thread-mosses (bryum). 

The marsh-cistus (andromeda), cmnberiy or 
marsh-wort (oxycoccus), bog-myrtle (myrica), and 
the gi‘ey heath (erica cinerea) soon succeed ; and 
the ground gets firmer and higher with the increase 
of fibroris peat or turf. Then willows (salix), with 
the birch (betula), alder (alnus), buckthorn (rham- 
nus), and occasional pines (pinus sylvestris), are the 
firat to commence a forest-growth on what was not 
long ago a bog or a lake. The larger trees, how- 
ever, swamped by floods, or by their own weight, 
and often easily blown down, are soon buried in 
the mossy soil, and add much to the peaty mass 
below. 

The different kinds of peat have been variously 
classified, according to their composition, jdace of 
gi’owth, and order of growth. There is (1) the 
submerged or under-water peat on the floor of 
the lake or i)ond ; and (2) the emerged peat rising 
above the water-line. There are (1) dead and 
dying plants and fallen timber changing into peat, (2) 
real peat either fibrous or homogeneous ; and either 
pure, as on mountains, or impulse with mud or sand, 
as in many low plains, and then sometimes only 
half-peats. Some observers note the following kinds 
of peat: (1) Moss-turf, of sphagnum chiefly; (2) 
Grass-turf or meadow-turf, with rush and sedge 
(cyperacero) ; (3) Heath-turf or highmoor-turf, 

chaiucterised by heath and heather ; (4) Leaf-turf 
or forest-turf, made of fir-needles, and other leaves 
of trees ; (5) Marine peat of seaweeds (algaj). 
Another grouping is — mountain-peat, marsh-peat, 
lake-peat, forest-peat (not quite the same as the 
forest-turf above mentioned), and marine peat. 

For our present intention it will be convenient to 
classify these bogs or mosses, occurring under so 
many different conditions, and with special charac- 
ter in different kinds of localities, as follows : — 
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I. Peat-bogs and turf-moors on such plateaux as and jx)nd8 to lakes, and from marahes and fens to 
flat mountain-tops and wide hill-moors. II. Peat- bogs, is found wherever the ground, being flat 
b(^ of valleys ; (1) At the heads of the valleys ; and impervious, can hold water on its surface. 



Fig. 1. -Peat- BOO of Mountain Side. (From a Skstch by C. Cooper King.) 


(2) at the salient angles within river-curves ; (3) I. Turf-moors and heath-turf. — In mountainous 
in deserted bends of rivers ; (4) in plains and lakes regions and other high grounds with broad flats, 
of expanded valleys ; (6) river-deltas ; (6) maritime whether floored with rock, or consisting of an 



Fig. 2.~Pxat of EiyiB Bends and Delta. (From a Sketch by C, Cooper King.) 


peat-marshes, where certain valleys and plains expanse of sand and gravel more or less cemented 
(which are but broad valleys) open to the sea. with iron-oxide or other materials, there are wide 

We must remember, however, that, on both hollows retaining the rain-water ; and the persistent 
plateaux and plains, every gradation from puddles moisture favours the growth of water-loving plants, 
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from the lowly hydrophytes, liverworts (hepaticae), limestone, forming dry land. Its peat has an 
and mosses, to the more Ughly organised rush, sedge, average depth of twenty>five feet 
gi'ass, heath, The fibrous peat or turf thus II. Among the mountains of the British Isles, of 
formed is common on high heaths” and ** moors;” Scandinavia, of Germany, and Switzerland, bog-moss 
and a large portion of mountainous countries, like and its associates have filled many hollows and 



Fig, 8 .— Peat of Silted Valley. (From a Sketch hj C, Cooper King.) 


Scotland, for instance, is covered with such turf, 
which passes into true peat in the deeper hollows of 
the surface. 

Some broad level highlands are always wet with 
pools and shallow lakes, the hollows having no free 
drainage ; and thus moss-bogs are formed, often of 
wide extent, as on the broad limestone plains in Ire- 
land, above and at the heads of the valley-drainage. 


valleys (see above, page 342) with decaying stems 
and roots below, and a green deceptive sward-like 
surface above the water-line (Fig. 1). The overfiow 
of these wet spongy accumulations supplies the 
brown streamlets of the mountain-side. The grow- 
ing sphagnum will long detain and hold up a vast 
quantity of water above a horizontal line, by capil- 
lary attmction; but ultimately, the limit of its 



Fig. 4— Haeitiiie Marsh ; Fenland. (From a Sketch hy C. Cooper King.) 


The Bog of Allen, occupying 230,500 acres, 250 imprisonment being attained, the liquid black mud 
feet above the sea, in King’s County and Co. of the bog bursts its bonds and inundate the lower 
Kildare, partakes of this character. This morass grounds with widenspread fetid desolation. Some- 
rests on marl, clay, and limestone gravel, and is times the swollen bog is naturally or artificially 
divided into several separate bogs by ridges of drained, and a great central depression offers 

92 
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cultivatable land, requiring, however, much care 
and manure to make it fertile. Chat Moss, on a 
northern tributary of the Mersey, in Lancashire, is 
a large morass which has been traversed by a canal, 
crossed by the Manchester and Liverpool Railway, 
and drained and cultivated successfully, at great 
expense. 

Rivers follow greater or less curves in their 
course, according to their slope, the volume and 
rapidity of the stream, and the various obstructions 
met with. In making these curves the river eats 
away the steep and hollow cliffs against which 
it rushes, and leaves a i)rojecting angle on the 
opposite bank, where the current is weakened and 
even turned back a little. Here, then, mud and 
sand are deposited, and form a tongue of marsh- 
land (Fig. 2). Marsh-plants find a home here; 
and they aid and even surpass the earthy materials 
in displacing the shallow water. Thus equisetum, 
iris, arundo, carices, and others, flourish and fade, 
with the regular alternation of the seasons, and con- 
stitute a avbimrged peat. In time their black 
muddy residue so nearly touches the water-line that 
sphagnum and its allies succeed, and raise the decay- 
ing vegetable mass still higher ; and thus an emerged 
peat-bog presents its deceitful surface of verdure. 

When the bends '' of a serpentine river become 
e::cessive, almost circular, the neck of land between 
the two limbs of the curve, at its beginning and end, 
is cut through ; and the curved portion, bend, or arc, 
deserted by the main stream, is gradually silted up. 
The flood-mud of wet seasons, and ultimately aquatic 
plants, raise its bed ; whilst from the banks grasses, 
sedges, and the usual marsh plants encroach steadily 
on its muddy shallows, until sphagnum, horse- 
tail, or other peat-plants, cover the black bog, wholly 
or in part, with a soft green carpet. The cane-brakes 
and cedar-swamps of the Mississippi are examples 
of these peat-bogs. 

Enormous gorges, eaten out by water and ice, 
along cracks in the earth’s rocky crust, far back in 
geologic times, and then choked up with the stones 
and mud of glacial moraines and torrential wreck 
of mountains, until broad plains of gravel and sand 
were formed, have received their last deposits of 
alluvial loams by the quiet action of existing rivers. 
Hence sometimes grassy prairies or wide forests; 
but often broad swampy flats, varied with desolate 
peat-bogs, rank cane-brakes, or sedgy moors, all 
characterised by the dead level of the former water- 
line (Fig. 3). According to the various conditions of 
the meandering rivers, fresh-fed lakes, and stagnant 
marshes in the broad valley, . vegetable matter. 


derived fi*om the plants peculiar to the situation, 
will accumulate in hollow jdaces and form peat, 
rising with its turfy texture somewhat above the 
water-level. Freshets of rain-water, or snow-water, 
casually spreading sand and gravel over the boggy 
margins and the back-waters (“jeels,” ‘‘slakes,” 
(fee.) of the rivers, raise barren wastes for a time, 
until these weigh down the mud below, and be- 
come coated with a new peat-moss. So also will a 
wide extent of bog have deeper water on it for a 
time, and, ceasing to grow its usual water-weeds, 
become the floor of a clear lake, inhabited by fi*esh- 
water snails and mussels (limnsBa, paludina, cycles, 
anodon, &c.), and lime-bearing water-plants (chara), 
until successive generations have left thick layers 
of white marror “malm.” Then, silted up to a 
fit shallowness again, the lake is choked with 
aquatic vegetation, excepting the current-course 
of its feeding stream, and I'enews the aspect of 
a peat-bog. A morass as long as England extends 
from the fifty-second parallel of latitude along the 
course of the Prepit, an affluent of the Dnieper. 

Sometimes flooded livers inundate neighbouring 
forests, and leave them swamped, to die and rot, 
with the spongy bog-moss creeping up among their 
prostrate trunks and branches, until it raises its 
water-laden mass of rotting fibres and false green 
mask above the ancient forest-land. 

The great antiquity of some peat-mosses is shown 
by the succession of dead forests one over the 
other, and separated by thick jieat-beds, indicating 
successive sinkings of the over-loaded surface, and 
its renewal by the growth of peat. Great periods 
of time are bespoken by the successive forest- 
growths, each consisting of different species of 
trees, and have been required also for the inter- 
mediate slow growth of peat. 

In Denmark, where peat-mosses abound, there 
are some of great interest, though of limited extent, 
which have been formed in cauldron-like cavities 
in the boulder-clay. These great “ pot-holes ” are 
of obscure origin: they may have originated by great 
masses of ice, or of frozen mud, having been de- 
posited, and subsequently melted, letting down the 
overlying beds ; or they may be due to the Iwulder- 
clay having been laid down over fissures and pot-holes 
in the rock on which old glaciers had worked, and 
so sunk down. At all events they have been the 
receptacles of lakes, with bed-clays retaining 
remains of arctic birch and willow, and with shell- 
marls, on which were formed various peat-beds in 
succession. On the margins of these, trees of suc- 
cessive forests grew and fell in. The early pine 
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forests, with the stone weapons of the aborigines ; 
and the succeeding oaks, with bronze weapons of 
another race of men ; and the beeches at last, with 
the iron implements of historic man : these are 
clearly seen there, one after another. 

Looking at the result of the decay of plants on a 
large scale, where the conditions have not allowed 
of the permanent formation of wet marshes, we 
notice the enormous extent of the black eai*th 
(tchomos-jom or tchernay-zem) of Eussia. This 
covers a vast region, over the valleys of the Don, 
Dnieper and Volga, of more than 197,500,000 acres, 
with a thickness of fi’om three to fifteen feet, and 
sometimes (it is stated) to thirty and even sixty feet. 

Where rivers enter the sea, and theii’ checked 
current can no longer hold even mud in suspension, 
shoals, bars, sand-banks, and mud-banks accumulate 
to foim deltas,*^ with lagoons of imprisoned sea- 
water, with isolated ‘‘bends” and deserted “reaches” 
of devious watercourses, and lakes in hollows oi 
the soil. These get choked with water-plants and 
silt, either persistently or by interrupted stages. 
Hence arise morasses and peat-bogs, often of gi'eat 
extent, and frequently containing layers of sea- 
sand, and other evidences of jmst invasions of the 
seeu The salt-marshes get their peaty soil from 
the sea tassel-grass (ruppia), sea river-weed (potamo- 
geton), pickle-rush (cladium), sea-rush (sciiq)us and 
juncus), smooth-rush (isolepis), sea meadow-grass 
(poa), sea-grass (spartina), sea-bent (vilfa), shore- 
beards (polypogon), sea arrow- grass (triglochin), 
besides desmids, confervee, and other minute plants 
of simple structure. Where the sea itself has 
heaped vegetable matter, the grass-wi'ack (zostera), 
oar-weed (laminaria), sea-wrack (fucus), and other 
sea-weeds, form more or less distinguishable heaps 
and beds. 

The slow infilling of a great river-gorge, both up 
the country, and especially at the coast, where the 
sea helps it to form its delta, is thus accompanied 
with the formation of peat; and wherever the 
valleys are relatively broad, they exhibit wnde 
mai’shes when subject to overflow of river iwul sea, 
and broad forest-lands or grassy flats when free 
from inundation. Such alternations of river- 
silt,* sea-mud, fallen timber (local in origin or 
drifted), lake-shells, sea-shells, shingle, peat, clay, 
and marl, in many different associations, ai'e visible 
in numerous cuttings in the fen-lands of England and 
Holland, and in many other sections of old marsh- 
lands boixlering the sea, and of some farther inland, 
in the British Isles and elsewhere (Fig. 4). Intei*est* 
ing evidences of geological changes, due to varying 


conditions of land and sea, have been recorded (for 
instance) as shown by such sections, in Shropshire 
(J. Trimmer), in Somerset and elsewhere (Godwin- 
Austen), Scotland (Macculloch, Duke of Argjdl, 
James Geikie), Swansea (M. Moggridge), fen-lands 
(Skertchley and others), Denmark (Forchhamnier, 
Steenstrup), &c. As an instance of such maritime 
fen-lands, we may refer to the “ Bedfoi’d Level,” 
including the Isle of Ely in Cambridgeshire, 
Peterborough fen, Norihamptonshire, the Paris 
of Holland in Lincolnshire, about 60,000 acres 
in Huntingdonshire, 63,000 in Norfolk, and 30,000 
in Suffolk, comprising the greater portion of the 
“ Fens,” a mai-shy flat, intei*sected by the Nene, 
Cam, Ouse, and Welland -idvers. The Homans 
formed an immense embankment here, which ex- 
cluded the tide, and rendered the district for a 
time very fertile, until the sluices became choked, 
and the level was gradually converied into one 
vast morass, increased by inundations of the sea 
in the thirteenth century. Various attempts were 
made to drain it in the reigns of Henry VI. and 
Charles I., and it was fully reclaimed by the Earl 
of Bedford in the seventeenth centuiy. The sea 
again burst the banders in 1863. This tmct pro- 
duces fine crops of grain, flax, and cole-seed, also 
hemp, mangel, and potatoes. These fiat fen-lands 
are crossed by banks, ditches, and canals in many 
directions, all having reference to the lines oi 
natural or artificial drainage. The countiy is 
thinly wooded; and here and there are farm- 
steads and villages on slight eminences. Seaport 
towns are traversed by the larger rivers near their 
mouth. 

Extensive regions, including the mouths of the 
great rivers, in northem and western Euroi>e, 
having been deserted by the sea, are passing 
through the successive stages of saltmarsh and 
fenland; and wide tracts have become cultivated 
plains. Such are the low grounds of the ancient 
gulf of Poitou, the filled-up estuary of Flanders, 
the largest pari of Holland, and of German “Fries- 
land.” 

The TAndras of Northern Russia and Siberia, 
now permanently frozen below, and covered with 
snow nine or ten months of the year, are also 
characteristic maritime swamps, involving the 
broad, low deltas of the great rival’s tliat enter the 
Arctic Ocean. These extensive and melancholy flats 
are varied with lakes of salt and fresh water, and 
are green with coarse grass, rushes, and sedge, and 
with plots of bog-moss, during their short summer 
of nine of ten weeks. Whatever else the unsearch- 
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able tundras may contain, the ancient mammoth 
and rhinoceros, still pi’eserved entire in their frozen 
muds, tell of long past changes in north Asia. But 
in Europe and the British Isles, where nation has 
pressed upon nation in forced emigrations, the 
peat-bogs teem at places with recognisable I'elics of 
the past 

Weapons and tools of stone, bronze, and iron, 
besides the bones, garments, and ornaments of man, 
also his canoes, his crannoges or artificial island 
foi'ts, and his pile-stiiictures, once supporting huts 
and even villages in marshes and lakes, with the 


associated rude or finished implements, and other 
belongings of his domestic life, are all found in 
peat-bogs, and can be referred to many successive 
ages, and to different peoples. Thus, when fully 
studied, a peat-bog often enables us to obtain an 
insight, not only into many geological changes in 
far-back time, but also into the history of races of 
men who have left no written records, no buildings 
of brick or stone, to bear witness of their life, 
yet nevertheless played an active part in found- 
ing the civilisation in the midst of which we 
now live. 


A PIECE OF ICELAND SPAR. 

By George W. von Tunzblmann, B.Sc. 


I CELAND SPAR (Fig. 1), or Calc spar, consists 
of cai'bonate of lime crystallised in transparent 
rhombohedra, and it derives its first name, the one 



Fig. 1.— A CrystHl of the Spar. 

by which it is most generally known, from the fact 
of its occurring in laige quantities in Iceland. 

If a piece of the spar be laid 
upon a wafer, then, on looking 
through the crystal we shall 
see two images of the wafer, 
which will vary in distance and 
relative position according to 
the direction in which we look 
at it through the spar. These 
two images are always fainter 
than the original, as may 
be seen very strikingly by 
looking at the object in such a direction that the 
two images may partially overlap, when it will 
immediately be noticed t^t the overlapping part 


is considerably darker than the remainder. In- 
stead of using a wafer, we may, if we please, 
lay the crystal of spar upon the page of a book, 
when all the letters seen through it will appear 
double (Fig. 2). 

This property of Iceland spar was discovered in 
1670, by Erasmus Bartholin, and very soon at- 
tmeted the attention of Huyghens, the gi’eat 
originator of the wave theory of light. Huyghens 
sought to account for the phenomenon by means of 
the new theoiy, and the laws to which he was 
thus led were experimentally verified by Wollaston 
and Mains during the early part of the present 
century. In order to obtain a clear idea of the 
phenomenon of double refraction in Iceland spar, 
we must first understand the form of the crystal. 

It is seen at once from our illustrations (Figs. 1,2) 
that the crystal is bounded by six parallelograms, 
and tliat it has eight comers, each of which is the 
meeting point of three of the sides, and the vertex 
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Fig. 2.— Doable Befraotion ot Ic^nd Spar. 

of three plane angles. It will be noticed that since 
the sides are in the form of parallelograms, the 
lengths of all the edges will be deteimined if we 
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know the lengths of the three edges which meet at 
any vertex. The lengths of these three edges may 
have any ratios, but the angles of the crystal 
are the same in all specimens, and out of the eight 
vertices there are two, opposite to each other, which 
are each the common vertices of three equal obtuse 
angles. If through one of these two vertices we 
draw a straight line, equally inclined to the three 
edges meeting at that vertex, any straight line 
parallel to this is called an axis of the crystal; so 
that the axis is not a definite straight line, but a 
definite direction. Now, let A B 0 D (Fig. 3) repre- 
sent a section of a crystal of Iceland spar parallel 
to one of the faces, and let i k be a ray of light 
incident upon the upper face of the crystal at the 
lK>int K ; then, instead of simply being bent or 
refracted into a fresh path K o, the incident ray 
I K gives rise to two refracted rays K o and k e, of 
which K 0 is known as the ordinary, and K £ as the 
extraordinary ray. 

We now see how it was that, on looking through 
a crystal of the spar at an object beneath, we saw 
the object double, for the rays coming from it will 
be broken up into two pencils taking diflerent 



Fi;. 8.— Showing Double Refraction of Bay Incident upon Ciystal 
of Iceland Spar. 

paths through the crystal, and therefore the eye 
will receive two distinct images. 

If we lay a crystal of Iceland spar upon a wafer 
or dot upon a piece of paper, and then make the 
crystal rotate, always keeping the same point of it 
in contact with the wafer or dot, we shall notice 
that one of the images will remain fixed, while the 
other will rotate round it. The former is called 
the ordinary image, as it is formed by the ordinary 
rays; the latter is formed by the extraordinary lays, 
and is therefore called the extraordinary image. In 
order to understand the difierence between the 
ordinary and extraordinary rays, we must revert 
for a moment to the consideration of the ordinary 
refraction of a ray of light passing from one un- 
oiystallised transpai'ent medium into another, as 


from air into glass, or from air into water, as in 
the experiments described at p. 192, Yol. I, 

Let A B (Fig. 4) represent the suiface of separa- 
tion of two such media, such as air and water. Let 
I 0 be a ray incident upon the surface of the water 
at the point o, and let o b be the refracted ray in 



the water to which it gives rise. Through o draw 
N n', the normal or perpendicular to the surface of 
separation, and from the centre o describe a circle 
with any convenient radius, and from the points p 
and Q, whei’e the two rays cut the circle, let fall 
I)erpendiculars P s and q t to the normal N n' ; 
then it is found that for the same two media the 
ratio of the two perpendiculars, ' s P and Q T, is 
always the same. 

Now, ^ is called the sine of the angle of inci- 
dence N 0 I, and ^ is the sine of the angle of 
refraction, n' o r. ^erefore, since o p and o Q 
are equal, the law may be stated thus For the 
same two media the sine of the angle of incidence 
bears a constant ratio to the sine of the angle of 
refraction, which is generally quoted as the law of 
sines. 

This ratio is called the relative index of refrac- 
tion between the two media^ and if the ray is 
passing from a vacuum into any medium, the ratio, 
which is in that case always greater than unity, is 
called the absolute index of refraction of the 
medium. 

Now, in the case of the two refracted rays which 
arise from the incidence of a single ray upon a 
crystal of Iceland spar, the ordinary rays follow the 
law of sines, but the extraordinary rays only follow 
this law in the special case when the plane of 
incidence (i.c., that plane which passes through the 
incident ray and is perpendicular to the surface 
upon which it is incident) is perpendicular to the 
axis of the crystal, and then their index of refraction, 
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called the extraordinary index, is different from the 
ordinary index, or index of refraction of the 
ordinary mys. If the rays of light are incident in 
the direction of the axis of the crystal, this split- 
ting of it up into two rays does not take place, so 
that if we cut a slice of the crystal perpendicularly 
to the axis, and lay it upon a small object, then, 
upon looking vertically downwards at the object, 
we only see one image of it, but two images are 
immediately seen if we look at it obliquely through 
the crystal. The distance between the two images 
increases with the obliquity of the incident rays 
until they are incident at right angles to the axis, 
when the separation between the two images attains 
its greatest value. 

What Huyghens succeeded in doing was to find 
a geometrical construction, which for any direction 
of the incident rays would determine the direction 
of the two refi’acted rays, but he made no attempt 
to explain the origin of the two systems arising in 
a crystal of Iceland spar. 

In 1739 M. Dufay showed that double refraction 
never took place in non-ciystallised substances, nor 
in crystals of the cubic system, which are symme- 
trical about three equal axes at right angles, and 
thei*efore are symmetrical about a point. M. 
Dufay^s observations were confirmed by Hafiy, 
who showed that all ciystals which did not belong 
to the cubical system, and were therefore not sym- 
metrical about a point, possessed the property of 
doubly refracting a ray of light. 

Besides the Cubic system of crystals, there ai’e 
five others. The Right Square prismatic, or pyra- 
midal system, which has three axes at right angles, 
but only two of them are equal. The Ehombohedral 
or Hexagonal system has four axes ; three of them 
are of equal length, lie in the same plane, and cross 
each other at angles of 60°, while the fourth is 
perpendicular to them, and of varying length. The 
Right Rectangular Prismatic, or Prismatic system, 
has three axes, all at right angles to each other, 
but all of different lengths, lie Oblique system 
has three axes, which may be of any lengths ; two 
of them cross each other obliquely, while the third 
is perpendicular to both of them. Finally, there 
is the Doubly Oblique system, with three axes, 
which may all differ in length, and all crossing 
one another obliquely. 

In 1818, Sir David Brewster discovered that 
crystals of the right square prismatic and the 
hexagonal systems, which are symmetrical about 
a straight line, are characterised by the existence 
of one optic axis or axis of single refraction, while 


crystals of the three remaining systems have two , 
optic axes, or directions in. which a ray of light 
may pass through them without being split into 
two. 

The first class of doubly refracting crystals are 
called uniaxal crystals. In these the optical proper- 
ties are the same for all dii’ections equally inclined 
to the optic axis, but vary with the inclination. 
Tlie second class ai'e known as biaxal crystals. 

The undulatory or wave theory of light does 
explain and account for the phenomena of double 
refraction, but in order to do so it has to seek aid 
from the theory of elasticity. A ray of light 
consists — according to the wave theory, now 
universally accepted — of vibrations in all possible 
directions, perpendicular to the direction of trans- 
mission of the ray. The medium by which these 
rays are transmitted is called luminiferous ether, 
and we must assume that it fills all known space, 
and interpenetrates all substances. Some proofs 
of the existence of such a medium, in addition to 
the explanation which it gives of the phenomena of 
light will be found in Vol. II., p. 6. Knowing as 
we do the enormous rapidity of light-vibrations, we 
learn from the ascertained j)rinciples of the theory 
of elasticity, that as regards wave ti'ansmission the 
luminiferous ether behaves as an extremely elastic 
solid, though at the same time we know that it 
allows the heavenly bodies to pass through it with- 
out perceptibly retarding then’ motion. 

Now in order to submit the question to mathe- 
matical analysis, we have to make some assump- 
tions about the constitution of the ether within the 
crystal, but in order that the theory to which we 
may thus be led may be anjrthing more than merely 
a specimen of mathematical ingenuity, we must 
carefully see that our assumptions are permissible. 
We shall first assume that the ether within the 
crystal is so constituted that there are three direc- 
tions at right angles to each other, in which, if a 
particle be disturbed, the forces acting on it will 
tend to move it back in the same line in which it 
was displaced, always supposing the displacement to 
be extremely small. M. Fresnel, starting with tl)e 
most general supposition possible with regard to 
the forces called into action by a small displace- 
ment, has shown that this will be the case, so that 
our first assumption is justified. The meaning of 
this assumption will be more easily grasped by 
means of an experiment due to Professor Black- 
bum, of Glasgow, and which the reader will have 
no difiSculty in performing, a and b (Fig. 5) are 
two points in the same horizontal line, to which 



A PIECE OF ICELAND SPAR 


351 


are attached two cords, A o and b c, which are of 
equal length. To c another cord is attached, carry- 
ing a weight d to act as a pendulum-bob. Thei’e 

will then be three 
displacements, which 
may be given to d, 
such that D will move 
back in the line of 
displacement. First, 
D may be drawn aside 
in a plane i>erpendi- 
cular to the pai>er, 
keeping the strings 
stretched, when it will 
£) vibrate about the axis 

Pig. 6. —niustratiiig Action of Force A B, and the leh^h of 
in Lines of Displacement. , , . ... , 

the pendulum will be 
D E. Secondly, d may be displaced in the plane 
of the paper ; keeping the string o d stretched, D 
will then vibrate about an axis through c, pei'pen- 
dicular to the plane of the paper, and the length 
of the pendulum will be c d. Lastly, D may be 
displaced jieri^endicularly upwards, when it will 
simply fall back to its first position. The first two 
displacements were along arcs of circles, but at the 
commencement of the displacement, or for a very 
small displacement, the direction of motion would be 
along the tangent to the circular jmth at the point 
D ; in other words, the three small displacements 
are, along D e and along two straight lines, through 
D and peri)endicular to D E, in and perpendicular 
respectively to the plane of the paper. For any 
other displacement, d will not immediately re- 
turn through the point of rest, but will first 
execute curves round it. 

Returning now to the doubly refracting crystal, 
the second assumption which we shall make is that 
these three directions ai'e determined by the form 
of the crystal, an assumption which is justified by 
the observation which we have already considered, 
of the connection between the optical properties of 
a crystal and the crystalline system to which it 
belongs. Tliese three directions form th© axes of 
elasticity, and we learn from the mathematical 
theory of elasticity that two of these directions 
ai*e the directions of greatest and of least elasticity 
respectively. Now, as we have pointed out, the 
optical properties of uniaxal ciystals are the same 
for all directions equally inclined to the axis, but 
vary with a change in the inclination. That is to 
say, that for all directions equally inclined to the 
axis the elasticity will be the Same, but will be 
different in directions unequally inclined to the axis. 



Now, when a beam of common light impinges 
upon such a crystal, the effect produced by this 
variation in the elasticity for different directions is 
that the series of vibrations in all possible directions 
perpendicular to the path of the ray resolves itself 
into two, one parallel to a given plane passing 
through the line of transmission of the ray, and the 
other perpendicular to that plane. These two 
series of vibrations are said to be plane-ix)lari8ed, 
and we shall see how expeiiment leads us up to this 
same conclusion with regard to the difference be- 
tween common and plane-polarised light — viz., that 
in common light the vibrations take place in all 
directions perpendicular to the path of the ray, 
while in polarised light, while still peri)endicular to 
the path of the ray, they are all executed in one 
plane passing through the line of the ray ; in other 
words, the vibrations of a ray of plane-polarised 
light are all parallel. But while experiment leads 
us to this same conclusion, it merely tells us the 
fact withfiiit accounting for it, while the theory of 
elastioity explains to us why it is that this resolution 
takes place. The discussion of this would lead us 
into very difficult mathematical analysis, but taking 
this step for granted we shall not find it hard to 
understand how it is that these two series of vibra- 
tions give rise to two separate rays. 

First of all, we must note that the velocity 
with which a vibratory disturbance is transmitted 
through any medium, is greater as the elasticity of 
the medium is greater. Now, when a wave is sent 
through a medium, each particle of the medium 
along the path of the wave is more or less displaced, 
and executes vibrations about its position of rest 
which are more rapid as the elasticity is greater. 
To illustrate this we may take two springs of the 
same dimensions, one considerably stronger than the 
other — that is to say, having a greater elasticity; 
if we now attach equal weights to the two springs 
and then pull them down through the same distance 
and let them go, we shall see that the weight 
attached to the stronger spring will vibrate more 
rapidly than that attached to the weaker one. 

Now, the directions of the two series of vibra- 
tions into which the ray of common light is broken 
up as it passes into the crystal, are those two direc- 
tions perpendicular to the path of the ray along 
which the elasticity is respectively greatest and 
least. The two series will therefore travel with 
different velocities, but we have yet to explain why 
they should travel in different directions. To do 
this we must inquire into the explanation which 
the wave theory of light gives us of refiraction. We 
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will consider the caae of refraction between two 
optically isotropic media, a medium being called 
optically isotropic when a wave is propagated with 
the same velocity in all directions. It is then clear 
that when a ray impinges at any point of the 
surface of such a medium, the front of the resulting 
wave will be spherical, since it is travelling with 
equal velocity in all directions. A very good 
illustration of this may be obtained by throwing 
a stone into a pond, when we shall at once see a 
number of concentric circular waves proceeding 
outwards from the stone as centre, these circles 
being simply the intei*sections of the successive 
positions of the wave-front with the surface of the 
water. 

Now let A B (Fig. 6) represent a section of part 
of the separating surface between two isotropic 
media, such as air and water, or water and glass, 
and let B c be part of a wave-front in the first 
medium, both portions being small enough to be 
treated as plane. From B describe a sphere with a 
radius equal to the distance light would travel in 



Fig 6.— lUoitrating the B^tion of Velocity to Befraction. 


the second medium while it travels over the dis- 
tance c A in the first medium. 

Through A draw a tangent plane to the sphere, 
touching it at the point n. Then the tangent plane 
A D is the wave-front in the second medium. Now 
the point d is in the plane of incidence, which gives 
us the first law of refraction, that the plane of 
refraction is the same as the plane of incidence. 
Again, the angle c B a between the first wave-front 
and the surface of separation is equal to the angle 
between the direction of the ray and the normal to 
the surface, that is the angle of incidence. 

Similarly, the angle B A n is equal to the angle 
of refraction. 

But, as we have already seen, ^ is the sine of 
the first angle, and the sine of the second is 
Hie index of refraction is therefore {.e, the 


ratio of the velocity of light in the first medium to 
its velocity in the second. 

The amount of refraction thei'efore depends upon 
the velocity with which the wave is transmitted. 
Now we have seen that the two series of vibrations 
in our crystal of Iceland spar were travelling with 
different velocities, and therefore the one will be 
more refracted than the other, which explains why 
it is that the ray bifurcates. 

In Iceland spar the elasticity is least for vibra- 
tions perpendicular to the axis. 

Now, let us remember that the axis is simply a 
direction, and take any plane oblique to the axis, 
then from any point in the plane we can draw one 
plane perpendicular to the axis, which will cut the 
given plane in a line perpendicular to the direction 
of the axis; if through the same point in the 
plane we draw a line at right angles to this it 
makes a smaller angle with the axis than any other 
line in the plane. '•<' The former of these two lines 
is the direction of least elasticity and of vibration 
for the ordinary ray, and the latter is the direction 
of greatest elasticity and of vibration for the extra- 
ordinary ray. 

The ordinary rays are transmitted with the same 
velocity in all directions, since the elasticity is the 
same in all. directions perpendicular to the axis, 
and therefore, as we have seen, the wave-surfaces are 
spheres, and the mys will be refracted according to 
the law of sines. In the extmordinary rays the 
velocity of transmission varies with the inclination 
to the axis, and the wave-front will be an oblate 
spheroid (a figure of which the earth is an example), 
having its shoiicr or polar diameter equal to the 
diameter of the spherical wave-front of the ordinary 
rays, and in the same direction as t})e axis of the 
ciystal. At the extremities of this diameter the 
sphere touches the spheroid, so that for this direc- 
tion the ordinary and extraordinary rays coincide, 
as we already know to be the case experimentally. 

Tourmaline is another doubly refracting uniaxal 
crystal, and it possesses the property of absorbing 
the ordinary much mol’s rapidly than the extra- 
ordinary rays, so that a sufficiently thick slice, 
which is moderately transparent to the extiu- 
ordinary, is almost completely opaque to the ordi- 
nary rays. 

To illustrate this we may take two slices of 
tourmaline cut parallel to the axis, and turn one of 

* The reader will find that the easiest way to get a clear 
conception of the relation between these lines and planes SriU 
be to take*two pieces of cardboard to represent the planes and 
a knitting-needle to represent the direction of the axis. 
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them about upon the other through different angles 
— it will be found that the combination is most 
transparent when the two axes are parallel (a 6), 
and most opaque when the two axes are at right 
angles (a b, Fig. 7). 

We can now explain this in the light of our 
previous knowledge. As the rays of light were 



Pig. 7. —Tourmaline Plates. 


passing through the first crystal, their vibrations 
were resolved into two series, one parallel and the 
other perpendicular to the axis; the former con- 
stituted the extraordinary rays, and the latter the 
ordinary, wliich, as we have remarked, are almost 
completely absorbed by tourmaline. 

The extraoi’dinary rays alone would therefore 
pass into the second crystal ; and, if the axes were 
parallel, the vibrations constituting the extra- 
ordinary rays, being parallel to the axis of the first 
ciystal, would likewise be parallel to the axis of 
the second, so that these rays would pass through 
both ciystals with comparatively little absorption ; 
if, however, the axes of the two crystals were at 
right angles, the vibrations which were parallel to 
the axis of the first would be perpendicular to the 
axis of the second, so that the extraordinary rays 
in the first crystal would give rise to ordinary rays 
in the second, and in passing through it these 
would be absorbed. 

When all the vibrations constituting a beam 
of light are perpendicular to a particular plane, 
the light is said to be polarised in that plane. 
When a ray of light is merely resolved into 
two sets of vibiutions at right angles to each 
other, we have no means of distinguishing such a 
ray from a ray of common light unless we can 
separate the two sets, when we get two plane- 
polarised rays, and we have ready to hand a method 
of distinguishing such a ray from a ray of common 
light in the slices of tourmaline cut as we have 
described ; ^for if a ray of common light be allowed 
to fall on one such slice, it will appear equally 
transparent in all positions of the slice ; but if the 
ray be plane-polaiised, then we shall have two 
positions of the slice at right angles to each other, 
which give respectively the greatest transparency 
and the greatest opacity. 

The defect of this method of obtaining plane- 
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polarised light is that if the plates are thick enough 
to absorb completely the ordinary rays, a consider- 
able part of the extraordinary rays are also ab- 
sorbed, while if we decrease the thickness of the 
plates, the ordinary rays will not be completely ab- 
sorbed, and the light will be only jmrtially polarised. 
In order to avoid this defect we have recourse to 
other means of polarising a beam of common light, or 
of determining whether a beam of light from any 
source is polarised. One of the most efficient com 
trivances for this purpose is the NicoFs prism, so 
called from the name of its inventor (Fig. 8). 

In Nicors prism is concerned the phenomenon of 
total reflection by transparent media. This may 
easily be observed by holding a glass of water with 
a spoon in it above the level of the eye, when the 
under surface of the water will appear like t 
polished mirror, and the part of the spoon below the 
water will be seen reflected in it ; but for the present 
we shall defer the mathematical explanation of this 
phenomei^on as, perhaps, too intricate for a paper of 
this description. 

To make a NicoVs prism we cut a rhomb of 
Iceland spar diagonally, and cement the two pieces 
together again with Canada balsam, whose refrac- 
tive index is between the ordinaiy and extra- 
ordinary indices of the spar. 

On entering the spar a ray of common light (s i) 
is broken up into an ordinary and an extraordinary 
ray ; the former of these 
is totally reflected at the 
first surface of the bal- 
sam, and passes out at the 
side of the prism (o o), 
while the extraordinary 
ray is transmitted 
through the layer of bal- 
sam (abed) and emerges 
from the prism (e e) 
parallel to its original 
direction. 

Another method of q 
polarising light is by 
means of reflection from ^ 

non-metallic substances. with Bay of 

For every reflecting sub- 
stance there is a certain angle of incidence which 
gives the maximum amount of polarisation in the 
reflected rays, and this angle is called the polaiising 
angle of that substance, and is such that the re- 
fracted and reflected rays are at right angles, and both 
these rays are found to be polarised, and their planes 
of polarisation are at right angles to each other. 




354 


SCIENCE POK ALL 


Polaxiaation by reflection may be well shown by , 
meftnii of Malus’ polarisoope (Fig. 9). It consists of 
two reflectors — one (a) for polarising the light, and 
the othw (b) for examining or analysing it, each 
reflector bdng composed of a pile of glass plates. 
The reflectors revolve upon horizontal axes, and 
the upper one also upon a vertical axis. The best 
effect is obtained by setting each of the mirrors at 



Fig. 9.— Malus* Polarisoope. 


on angle of about 33° to the vertical, and then allow- 
ing a beam of light to fall on the lower reflector in 
such a dii*ection that it may be reflected vertically 
upwarda If we then look into the upi)er reflector, 
we find that as we rotate it about the vertical axis 
theie ai*e two positions difiering by half a revolu- 
tion, in which we see a black spot in the centre of 
the field, being those positions in which the upper 
reflector is incapable of transmitting the light 
reflected by the lower. The positions of maximum 
intensity ai*e at right angles to these, being that in 
which the two reflectors ai^e parallel, and the posi- 
tion difiering from this by half a revolution. Tlie 
instrument (Fig. 9) is provided with a perforated 
stage (c) to support the substance to be examined 
by polarised light. Instead of the two mirrors it 
is still better to use two NicoVs inisms, mounted 
so that they have a common longitudinal axis about 
which one of them can be rotated, and provided 
with means of fixing the substance to be examined 
between them. 

If we examine in this manner a thin piece of 
selenite, a crystallised form of gypsum or plaster 
of Paris, we shall find that as we rotate the 
analyser — i.e., the upper mirror or prism, as the 
case may be — ^the selenite will in some positions 
of the analyser appear highly coloured, the colour 
appearing most strongly when the analyser is in 
the position which gives either the maximum or 
minimum intensity of light, and the colour is 


changed into its complementary by turning the 
analyser through a quarter-revolution. 

If the slice of selenite be turned round, changes 
in the colour will be observed, unless the analyser 
is in the position which gives either the maximum 
or the minimum intensity of light, in which case 
the colours will merely change in intensity and not 
in their tints. With thicker plates of selenite we 
get no colour, but if, when the analyser is in such 
a position that the light after padsing through a 
thin slice of selenite is extinguished, we replace the 
thin slice by a thicker one, we can restore the light 
which was before extinguished. 

To assist us in obtaining a clear idea of the 
reason why these gorgeous colours are to be seen 
in many objects when observed by polarised light, 
we will again call Professor Blackburn’s pendulum 
to our assistance. 

Keferring to Fig. 5, let us imagine a plane through 
D and perpendicular to n £, and therefore to the 
plane of the peeper. Then there ai*e two straight 
lines in this ])lane, along which if D be displaced it 
will return along the line of displacement, and pass 
through its original iX)sition at each half-vibration — 
viz., the line in which the supposed plane cuts the 
plane of the paper, and the line through n perpen- 
dicular to this. If D be displaced along any other 
line in the plane, it will not immediately return to 
its original position, but will swing round it in a 
ciu*ve, which for small displacements is very nearly 
an ellipse or flattened circla Let us now sup]X)se 
that a beam of polarised white light falls perj>en- 
diciilarly upon a slice of selenite laid so that the 
direction either of gi’eatest or least elasticity may lie 
in the plane of polarisation ; then, since these two 
directions are at right angles, the one which doe^ 
not lie in the plane of polarisation will be in the 
plane at right angles to it, in which are performed 
the vibrations of the polarised beam. 

If we now turn the slice so that the direction of 
vibration no longer coincides with the direction 
either of greatest or least elasticity of the selenite, 
each particle of luminiferous ether when displaced 
will not vibrate backwards and foi*wards in a straight 
line, but will move in an extremely minute ellipse; 
for just as in Blackburn’s pendulum, when the 
bob is displaced in other than the two cardinal 
directions, the restoring force called into play by 
the displacement is not in the direction of displace- 
ment, and therefore instead of sending the particle 
back through its mean position, it causes it to 
move round it in a curve which, as we have 
already stated, is an ellipse. 
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Now the difference between the velocity of pro- 
pagation in the directions of greatest and least 
elasticity is greatest for the rays of shortest wave- 
length, or violet, and least for the red, so that the 
ellipses are different for the different colours. 

The reader may very easily illustrate this by 
alteiing the ratio of the length e c to the length 
c D in Blackburn’s pendulum (Fig. 5). Owing 
to this difference, the different colours will be un- 
equally suppressed in any position of the analyser, 
which explains the production of colour. Now if 
we take any two positions of the 

analyser at right angles, we shall 

find that the colours are comple- 
mentary, which we might have 
predicted, for the light suppressed 
in one position is the light which 
is not suppressed in the otlier, 
and neglecting the quantity ab- 
sorbed in passing through the 
slice, the sum of these two com- 
ponents must be equivalent to 
the incident beam of white light 
— in other words, they must be 
complementary. 

We are justified here in 
neglecting the light absorbed, because the different 
colours are absorbed to very nearly the same extent, 
so that the colour is not sensibly changed by the 
absorption. If the plate of selenite be of a certain 
thickness the vibrational ellipse becomes a circle, 
and then there is no change in the intensity of 
the light as we rotate the analyser, so that in 
this it resembles ordinary polarised light, from 
which it may, however, be distinguished by being 
converted into elliptically polarised light when 
passed through an additional slice of selenite. 

If we pass a beam of polarised light through a 
section cut perpendicularly to the axis of a uniaxal 
crystal, we shall see, on looking through the 
analyser, a series of concentric coloured rings, 
crossed in general by two grey crosses, one of 
which remains fixed, while the other turns with 
the analyser (Fig. 10). 

These crosses do not remain constant in intensity 
as we turn the analyser, but in two positions of the 
analyser, differing by half a revolution, they coin- 
cide to form a single black cross, and in the two 
positions at right angles to these they unite into a 
single white cross. 

If a piece of glass be subjected to strain and 
examined in a polariscope it will exhibit coloured 
streaks, showing that when in that condition it 


possesses the property of double rrfraction. This 
may be seen very well in a piece of unannealed 
glass, which is in a state of permanent strain. In 
such a piece of glass the elasticity does not vary 
from point to point in the same regular way as in 
a crystal, so that the glass does not behave like a 
single crystal. 

This phenomenon of colorisation of doubly re- 
fracting substances when placed between the polar- 
iser and analyser of a polariscope, affords us the most 
delicate test of double refraction, and therefore it 
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is that the polariscope is so essential an adjunct to 
the microscope of the chemist, the mineralogist, or 
the botanist, often giving him most valuable in- 
formation on the minute structure of the substances 
under examination. 

If a plate of rock-crystal, which is a uniaxal 
crystal, cut by a section perpendicular to the optic 
axis, be introduced into a polariscope, the plane of 
polarisation will be turned about this axis through 
an angle which is found to be proportional to the 
thickness of the plate of rock-crystal. 

In order to observe this phenomenon we must 
use homogeneous light, which is light consisting of 
only one colour. We first adjiist the analyser, so 
that when the plate of quartz is not inserted the 
beam of light is completely extinguished. If we 
then introduce the quartz we shall find that the 
light is partially restored, and in order to produce 
complete extinction we must turn the analyser 
through a certain angla If we now introduce a 
second plate of quartz, or replace the first plate by 
one of double the thickness, we shall find that the 
angle through which we have to turn the analyser, 
in order to produce complete extinction, is just 
double what it was in the first case, and, in general, 
that the angle is proportional to the thickness of 
the quartz. 
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The same effect is produced if, instead of a piece 
of rock-crystal, we use a solution of sugar ; but in 
this case it is found that not only is the angle 
through which the plane of j>olari8ation is rotated 
proportional to the thickness of the stratum of the 
iluid which the beam has to tm verse, but that if 
we keep this constant, and use solutions con- 
taining different proport.ions of sugar, the angle 
of rotation is proportional to the strength of the 
solution. 

Tliis affords us a method of estimating the 
strength of a solution of sugar, which is of great 


practical value, and is extensively used by sugar 
refiners, who use polariscopes made for the express 
purpose, and called saccharimeters. 

Many organic liquids and solutions of other 
organic substances Insides sugar possess the same 
property of rotating the plane of polarisation. 

In 1845 Faraday discovered that any liquid or 
solid substance subjected to the action of a power- 
ful magnet possessed, so long as it was subject to 
the magnetic action, a similar power of rotating 
the plane of polarisation of a beam of polarised 
light which titiversed it 


POLAR ICE. 

By the late Edwaud L. Mobs, M.D., R.N., Sueobon op H.M.S. *‘Albet,” Arctic Expedition of 1875 — 76. 


HE conclusion of Baron Noi'denskjold’s mar- 
X vellous voyage in the Vega, and the disas- 
trous voyage of the Jeanette through Behring 
Sti*ait along the coast discovered by our Kellett, 
directed public attention, in a very prominent 
degree, to the frozen regions of the North. 

Of whatever nationality he may be, a warm 
welcome is sure to await the Arctic traveller in 
England, for his work is one that can boast of an 
almost unaccountable popularity. Nevertheless, it 
is a striking fact, that in spite of this popularity 
the simplest physical conditions of the region ex- 
plored remain, to say the least, unfamiliar. Per- 
haps if narratives of Arctic travel were less in- 
teresting they might have been more instructive. 
Our attention is absorbed by the spirit-stirring 
adventures and catastrophes of which such books 
are full, and the descriptions of natural fact having 
little in experience to appeal to, fail to be realised, 
and are forgotten. At all events, whenever the 
subject is touched upon, in conversation or in the 
newspapera, wide differences of opinion are ex- 
pressed where there is either no room for any dif- 
ference at all, or where conjecture, to be reason- 
able, must confine itself within very nan*ow limits. 

The widest scope for speculation is generally 
assumed to lie in the unexplored region round the 
North Pole. Veiy much less is known of the 
South Pole, but no one appears to have the least 
doubt about its state, and opinions only seem to 
differ as to whether its ice-cap is more or less than 
six miles thick in the middle. Some peculiarities 
of the coast fauna and flora, and certain warm 


winds from the interior, have excited some specu- 
lation regarding the unexplored centre of the com 
tinent of Greenland, but even its inviting blank 
gives way in popular interest to the glamour that 
environs the Pole. 

The ‘‘unknown North” has from the earliest 
times been looked upon as especially inscnitable 
and mysterious. Expeditions without numbei* have 
failed to do much more than reach its threshold, 
and as they have not yet got to the Pole, it seems 
natural to conclude that they can tell us nothing 
about it. But in the absence of absolute demon- 
stration we have plenty of material to enable us to 
form a reasonable surmise of what the successful 
explorer of the future may expect to see— a very 
essential exercise of the imagination, by-the-by, 
for that traveller himself ! Our knowledge of the 
signs by the way has accumulated, and if we chose 
to interpret them they one and all indicate more or 
less clearly the physical condition of the I’egion 
beyond. 

Of the many land-marks that thus warn and 
guide the explorer, none give more unequivocal 
intimations than the north polar ice itself, and I 
therefore propose to bring its structure and distri- 
bution before the reader, and ask him to* decide 
whether its evidence will admit of more than a 
single rendering. 

A glance at a map (Fig. 1 ) will show that, speaking 
roundly, the great continental masses that make our 
hemisphere emphatically the land-half of the earth 
all come to an end close inside the Arctic circla 
The Polar Sea thus enclosed for seven-eighths of its 
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circamference is open to the Atlantic in its remain- 
ing eighth (Behring Strait is too narrow and too 
shallow to be considered). In this gap, as the 
traveller Rails north, he finds himself accompanied 
by an almost imperceptible current, or slow in- 
draught,” of Atlantic water, carrying from the 
south a temperature considerably higher than the 
latitude would otherwise possess, but cooling 
rapidly. Here, accordingly, the nearest approach 
to the Pole may be made without meeting ice. 


has made us acquainted with the greater part of 
this navigable border, and to them we owe the 
significant classification of the ice, according to its 
thickness, into floes of one or more seasons old. 
But before the traveller meets ice he experiences, 
especially if he is near a coast, a very peculiai* 
change in the water he is sailing in. When the 
warm indraught of Atlantic water is traced north 
ward it is seen to expend its heat steadily and 
regularly till at a certain point it abruptly dis- 



Sooner or later it is encountered ; at first, a small 
decaying fragment tossed by the waves, then lines 
and patches of pack,” then broad fields with ice- 
locked pools, or “ polynia ” — Kingsley appropriately 
called them ** peace pools ” — and, finally, yherever 
these have been left behind, a wide white expanse 
unbroken by a single lead of water, Tlie same 
order of afiairs has always hitherto been found, no 
matter what part of the circle has been attacked 
— although, of course, there are many places where 
the district of polynia ” has not been as yet tra- 
versed. So that surrounding the unknown area 
there is an outlying zone, where the sea gradually 
gives place to ice. The enterprise of sealers and 
whalers following their prey into its last retreats 


appears from the surface, and the ship passes from 
water of ordinary oceanic saltness, and of a tem- 
perature still some degrees above the freezing-point, 
into a less salt sea with a temi>emture of or about 
29^ Fahr. By lowering down proj)erly protected 
self-registering thermometers and obtaining samples 
of water for chemical examination from different 
depths by suitable appliances, it is easy to make 
quite certain that the warm current has not turned 
back, but still flows north under the cold water 
coming in the opposite direction ; it, in fact, simply 
sinks Ijecause at the temi^eratures at which each 
exists it is bulk for bulk heavier than the ^ss salt 
water which flows over it. The way in which the 
two opposing currents pass through each other 
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without mixing may be illustrated by the crossing 
of the threads in the pattern of a damask, or 
by interlacing the fingers and holding the arms 
hoidzontally. 

A comparison of the specific gravity of the 4)ut- 
fiowing with that of the inflowing current, and a 
simple calculation with the co-efficients for the ex- 
pansion of sea-water by temperature ascertained 
by Professors Thorpe and Rilcker, show that to 
rise over even the lieaviest samples of polar out- 
flow, the Atlantic water would require a tempera- 


The exchange in position is, therefore, irrevea*- 
sible ; the warm water cannot by any possibility' 
again come to the surface, so that — ^postponing for 
the present a consideration of the fact that the sea- 
water comes out less salt than it goes in — we havo 
no reason to assume that the surface of the un- 
known region possesses a higher temperature than 
that of the return current, which has meantime 
received all that the Arctic sun can give it, p.nd 
nevertheless emerges even in midsummer with a 
temperature below the melting-point of snow. 



Fig. 2.—A Midsukmer View oh ▲ Polar Sea, Showiho the Square Stratified Blocks of Newlt Grouhdbd 
Floe, the Bubble of Ice Pushed before tseh, ahd also the Dohed ahd Pie Shapes they Waste into 
IK THE Air frox the Suh-heated Land. 


ture above 50® Fahr. No such temperature is 
anywhere carried into the unknown regions, and 
in the sea-bed within them there is no conceivable 
source from which it could be supplied, since the 
warming power of the earth itself is utterly insig- 
nificant. 

In some places the warmer current has been 
traced north till it had lost all its warmth above 
the freezing-point without gaining sufficient dilu- 
tion in exchange to make any material difference 
in its specific gravity ; for example, our expedition 
of 1875-76 found it in Smith’s Sound in August 
underlying the polar outflow at a depth of 115 
fathoms with its temperature reduced to 30® 9', 
while its specific gravity remained almost exactly 
that of average Atlantic water. 


Here, in short, the traveller crosses the oceanic 
snow Urn, and but for the dispersive powers of 
wind and tide all the ice and snow to poleward of 
him must for ever cumber the surface of the sea. 
Both the dispersive agents just mentioned are, of 
course, effective in proportion to the space they have 
got to drift the ice into — the outside members of 
a crowd can get away easiest — and accordingly it 
is in the outskirts open to southern seas that they 
annually leave most room for the growth of new 
floe. Two factors take part in the formation of 
the new ice, namely, the direct freezing of sea- 
water and the accumulation of snow. When the 
sea freezes minute glittering scales of ice form in 
it, and slowly float upwards, till the surface is 
covered with a yielding paste several inches thick. 
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This soon hardens as the floating crystals raise the 
entangled brine into a tem|>erature where it, too, 
freezes, and the floe thus formed in Nature’s labora- 
tory is salt ice, containing about one-third of the 
salts of the parent water. Misleading statements 
have been made about the invariable freshness of 
sea ice, because it was assumed tliat the water neces- 
sarily treated its salts as impurities, and expelled 
them in crystallising, as civilian 8tragglei*s in a 
military mob might be ejected were the order given 
to ‘^form companies;” but the molecules of the 
salts in sea-water are capable, under sutficient 
coercion, of “falling in” with those of the water. 
In certain communications to the Physical Society, 
Professor Guthrie has demonstrated that the salts 
in sea-water form salt ices or “ cryohydrates,” as 
he calls them, when exi)Osed to tem|)erature8 below 
lil® Fahr. In temperatures higher than this the 
entangled brine sometimes drains slowly out of the 
ice in the way described by both Sir Edward PaiTy 
and Dr. Rae ; but in high latitudes the large 
masses remain unchanged, except on the surface, 
because they retain a far lower temperature all the 
year round. -A snow-fall is usually the foundation 
of the new floe, and under the joint parentage of 
freezing sea and snow-fall it grows, if undisturbed, 
to a thickness of from two to nine feet. Next 
year, if not drifted away, it grows something less 
in proportion as the water is protected by its 
thickness, and so on, every year getting less and 
less from the sea, but annually receiving the snow- 
fall. 

What, then, is the greatest thickness to which 
the ice thus grows, and where does it grow to its 
greatest thickness 1 

I have a vivid recollection of the sui'prise I, in 
common with some other members of our expe- 
dition, felt when we first realised the enormous 
thickness of the floes blocking the northern end of 
Robeson Channel. A floe perhaps fifteen miles 
across, and floating ten or twelve feet out of water, 
is sufficiently imposing; but a certain amount of 
scepticism attends the calculation that there is at 
least eight times as much of it below. Afterwards, 
for many months, we saw the edge of the eastward- 
drifting pack that filled the whole sea ground along 
the shore in seven fathoms and upwards, and some- 
times crush inward till its entire section was ex- 
posed, or only hidden at the base by the tumbling 
rubble of ice, or the bastions of sand it pushed 
before it (Fig. 2). Such ice was not to be found in 
land-locked bays, into which it could not drift from 
the sea, nor was if confined to any one spot— our 


sledges followed its edge for 300 miles along tho 
shore of the Polar Sea. If we had road the recoi*ds 
of previous expeditions with greater care, the 
stupendous character of the ice would not have 
been unexpected. It is by no means novel. Ten 
degrees west of the farthest ix)iiit reached by our 
sledges under Commander Aldrich, Sir Edward 
Belcher encountered it 106 feet thick, drifting into 
and grounding on the shores of Wellington Channel 
Twenty degrees further on Surgeon Fisher of the 
Hecla and Griper roiX)rts floes 90 feet thick. An- 
other 10® brings us to the coast of Prince Patrick’s 
Island, where Sir Leopold M^Clintock notes, like 
Aldrich, how the edge of the tremendous pack 
rested on the ground two miles out to sea. Lieu- 
tenant Mecham following it west to Banks Strait, 
figured the huge “blue-domed” floes in the Parlia- 
mentary reports of 1865. It was in Banks Strait 
that Sir Edward Parry was finally stopjjed by the 
great undulating floes, reaching 102 feet in thick- 
ness, that jlie tells us he had never seen in Baffin’s 
Sea, or in the land-locked channels he had left 
behind him, but which filled the whole sea before 
him, M‘Clure also remarks that the polar ice is 
not found in the channels of the Pariy gi’oup. 
“That,” he says, “which fills these bays and is 
carried down Barrow Strait is the com])aratively 
small ice which drifts from its southern edge.” 
Here the Investigator reached her farthest point, 
after following the ^^..ge of the same “ stupendous 
pack ” the whole way from Behinng Stroit, 1,000 
miles to the west. Her records are full of refer- 
ences to enormously heavy ice. McClure tells of a 
“huge and solid floe 29 feet over water, and 
grounded in 29 fathoms.” Sir Alexander Arm- 
strong mentions ice 92 feet thick, and remarks 
that such floes are doubtless the edge of “ that 
pack which extends uninteiTuptedly from shore to 
shore of the Polar Sea.” 

As the Alert wintered inside the shelter of its 
gi’ounded edge at “ Floeberg Beach,” so the Hecla 
and Griper^ Investigator and Enterprise^ shelterod 
inside the “barrier” of grounded fragments of 
floe, which, to adopt Pairy’s words, “ for distinc- 
tion sake we called bergs.” North of Behring 
Strait the same ice, floating “ compact as a wall, 
ten or twelve feet high at least,” stopj^ed Captain 
Cook in August, 1778. We again recognise it all 
along the north coaat of Siberia, in the “ Toroses ” 
or “Adam’s Ice” of the fur-hunters, often grounded 
in lines five miles from shora The great floes 
met by the Russian expeditions to the north und^ r 
Admiral Wrangell with “conical hills, some ot 
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the largest 90 feet high, and long round valleys 
between them,” are precisely what Mecham figured 
in his journal, and Parry, north of Spitzbergen, 
described as floes covered with “smooth regular 
cones.” These were only too familiar to our sledge 
travellers. Wrangell in his introduction mentions 
ice in the north of the Kara Sea 200 feet in thick> 
ness ; and finally, to complete the circle, the floes 
that turned back Franklin in his attempt to push 
north in the Spitzbergen seas, are identified by 
Admiral Beecbey and Messrs. Fife and Allison as 
the same stupendous fields they saw ofl* Melville 
Island and Banks Land. 

We thus see that ice of a thickness not met 


sionally the strata may be seen curving and thin- 
ning out over some inequality beneath them, and 
sometimes they are interrupted by a lense-shaped 
patch of olive-tinted ice marking the section of 
what was once a pool on the surface of a floe, but 
which has frozen and been gradually buried under 
layer after layer of annual snow (Fig. 3). An 
irregular line of little black dots often occurs along 
the bottom of such fossilised superglacial pools, and 
when they are microscopically examined each little 
dot is seen to be a speck of dust, consisting of the 
remains of certain primitive plants that live on the 
surface of snow and in such pools, mixed up with 
a peculiar red inorganic sand which has been found 


with in tlie outlying 
zones where annual floe 
forms, has been reported 
at every side of the 
circum-polar cii’cle, and 
always on the limit of 
the unknown area. A 
study of the structure 
of this ice tells in the 
most unmistakable lan- 
guage how it comes to 
be there; and our ex- 
pedition had unprece: 
dented oj)porfunities for 
studying fresh cleft sur- 
faces, unchanged by the 
disintegration of sum- 
mer. When we examine 
the section of a floe 
(Fig. 3) freshly cleft and 
pushed out of water, it 



Fig. 3.— Diaoraxmatic Ssenov or Polar Floe. 


by Parry, MK^/lintock, 
Koldeway, and others, 
strewn on floes far firom 
land. This contains 
magnetic particles, and 
is generally attributed 
to either a volcanic or 
meteoiic source. 

The conversion of 
each season’s snow into 
a layer of ice does not 
depend upon any pro- 
cess of thaw, and as it 
occurs within a foot or 
two of the surface, it is 
plain that pressure has 
little to do with it. 
It can be traced through 
every stage, the greater 
part of the snow falls as 
an almost impalpable 
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distinctlv, stratified in 


powder, consisting of 
hexagonal plates and 
needles, although in 


even parallel bands about a foot deep. Tlie stratifica- 
tion is best seen from a little distance ; the blue 
surface of a section shows regular horizontal lines of 
darker or lighter shade, depending on whether the 
air-cells in tlie transparent ice are far apart or close 
together and numerous. The strata are deepest 
at the top of the section, and grow thinner towards 
the bottom. We saw similar stratification in true 
land-grown icebergs from Petermann’s Glacier, 
and Payer has described the same in the glaciera 
of Franz Joseph Land ; in short, it is precisely the 
same in character and source as that of the nev6 
or ice-field of annually accumulating snow that lies 
in the basins of mountains, and pours down as 
glacier in better known parts of the world. Occa- 


the milder weather of spring and autumn it 
appears in more complicated and often extremely 
beautiful stars. After a time the crystals most 
exposed to the cold grow larger; these are of 
course on the top in autumn, and at the bottom 
in summer. The latter soon grow to resemble 
hailstones, then unite into irregular lumps and 
rods like sugar-candy, and finally coalesce into 
spongy ice. The cause of the growth is easily 
understood when we reflect that ice crystals 
evaporate without melting, and that the snow 
always finds itself interposed between widely 
differing temperatures. The molecules thrown 
off in the evaporation of the comparatively hot 
crystals settle down on the colder ones where they 
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have less thermal vibration ; the process in short is 
simplj one of svhlimixtum. 

In the regions of annual ice, great masses are 
sometimes formed by the sliding up of one sheet 
over another. A section of such a mass no doubt 
exhibits a stratification, but it is without the pro- 
gressive thinning from above downward, or the 
bending or interruptions of n4v4 layers ; and no one 
contends that the latter, or the stratification of ice- 
bergs, or of the great Antarctic ice-cap is thus pro- 
duced, and there cannot be the least question that 
the stupendous floes owe their origin to the annual 
accumulation of snow-fall. 

But it may be asked, If the precipitation of the 
Pole thus accumulates on the sea, and remains 
unmelted, how does it happen that the outflowing 
Arctic currents are less salt than those that flow 
ini An examination of the outflowing current 
supplies an answer. If it did not, we should 
be obliged to rely only on the evidence given 
by the stratification, and it would appear to be 
in contradiction to that of the outflowing current. 
An analysis of the latter shows that there is 
something more than the additional water to be 
accounted for, namely, a considerable increase in 
the sulphates. A precisely similar state of aflairs 
is to be met with in the currents entering and 
leaving other enclosed seas ; the Black Sea affords 
a familiar example. Its outflow has long been 
known. Homer mentions it Iliad,'' IL, 845), 
and Shakspere makes Othello say — 

Like to the Pontic sea, 

Whose icy current and compulsive course 
Ne’er focls retiring ebb, but keeps due on 
To the Propontic and the Hellespont.” 

The existence of an underlying warm stream of 
salter water has been proved by Captain Whai’ton 
of H.M.S. Sheerwaterj and the analyses of For- 
chammer have shown that the less salt outflow 
has, like the Arctic current, a greater proportion of 
sulphates. In the case of the Black Sea, the source 
of both the water and the sulphates is palpably the 
precipitation of the land carried down by the great 
rivers, and we may reasonably suspect that the 
sulphates in the Arctic outflow indicate its shore 
origin; and we have, moreover, the confirmatory fact, 
that if it is not altogether confined to the neigh- 
bourhood of land, it is at all events strongest there. 

Snow melts on Polar shores, and remains on Polar 
sea^ because ice is transparent to radiant heat, but 
yields to heat from an obscure source. The rays of 
ihe Arctic sun falling on the floes, waste themselves 
94 


in their icy depths, unless, whei'e here and there on 
the broad solitude of snow there may be a speck 
of algse, or a point of dust to catch and trailer 
them, then the tiny speck sinks into a little watery 
pit, and the water, less diathermic than the ice, 
sprea^ itself in a super-glacial pool, and perhaps 
cuts a river-bed, leaving the well-known undulating 
hills of blue stratified ice on either side of it, till it 
plunges into some fissure between the floes. But 
on land the conditions are widely different, and 
as a result we have the striking contrast that the 
end of summer afforded us at Floeberg Beach — a 
land bare of snow, and a sea covered with it. To 
play the part of the little si>eck of dust, there is the 
whole surface of the ground which the transparent 
snow fails to hide from the sun, and accordingly 
the snow melts from below with amazing rapidity, 
and soon rushes along between the shore and the 
ice barrier, heaping up long parallel mud-banks 
against the latter, loosening the sea-ice, and sweep- 
ing fragments from its edge southward through 
every channel. 

Since the conditions favouring the melting of 
snow are most abundant and active near shore, and 
since the chief source of waste from the great |X)lar 
n6v4 is the drifting away of its marginal fragments 
into the Atlantic, we must look for its centre as far 
as possible from both. A point between the Pole 
and Behring Strait best satisfies these require- 
ments. It is plain that if nothing interfered with 
the perennial accumulation of snow, the floes would 
soon rest on the bottom of the sea ; but changes of 
tempei^ture, tide, and wind, and the contact of the 
ice-fields with the land, fissure the floating crust, 
and as soon as a fissure opens, the space is im- 
mediately filled with a chaotic rubble of floating 
fragments tom from the depths of the sides — these, 
freezing together, form the “porphyritic ice" of 
Parry as a foundation for fresh snow deposit, and 
effectually prevent leclosure, so that them is a 
constant removal of the n6v4 from the centre 
outward. 

Perhaps some reader who has accompanied me 
so far as exploration has gone, may be inclined to 
halt, when I invite him to launch into conjecture 
about a region as yet totally unexplored ; something 
will, however, have been accomplished if he can lay 
before his mental vision a truer picture of what is 
already known of the farthest north. Our concep- 
tions of the polar pack have been too long built up 
out of the glassy ice of frozen pools and skating 
rinks, while we might have found a truer present- 
ment of it in Alpine n4v6 and glacier. 
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But if the evidenoe of the ioe is accepted as 
reasonable, the physical condition it points to is 
not totally without a parallel; it merely means 
that the northern ice, though at present reduced 
to comparatively small dimensions, is essentially 
the same in origin as that which now covers the 
South Pole. 


Each ioe^p, as Dr. Croll explains to us, must 
alternately wax aiid wane through enormously long 
periods of time, and in each we see the beginning of 
that freezing-out process, which, if we are to believe 
either geologists or mathematicians, the slow cool- 
ing of the sun must eventually inflict upon the 
earth. 


RUBIES AND SAPPHIRES. 

By F. W. Budlzh, F.O.S., 

Curator of tho MuBoum of Practical Qoohgyt London, 


O NE of the many high-sounding titles assumed 
by the King of Burmah is that of Lord of 
the Rubies.^ Next to a white elephant, a ruby 
of unusual size is probably the most valued pos- 
session pertaining to Burmese royalty. The finest 
rubies in the world are found within the territories 
ruled over by King Theebau, and it is believed 
that among his treasures there are specimens of 
the gem far finer than any upon which the eye of 
European has ever gazed. This passion for rubies 
is not, however, peculiar to Burmese potentates, 
but is indulged in, to a greater or less extent, by 
most Orientals. Nor is it by any means a fashion 
of modern growth. If the translators of the Old 
Testament are to be trusted in their use of the 
woi’d “ruby,” the value of the stone must have 
been clearly recognised in the East at least as far 
back as the days of King Solomon and of the 
author of the Book of Job. When these Hebrew 
writers are searching for the type of all that is 
most costly, it is the ruby that they select ; and 
hence the well-known passages in which wisdom 
is extolled above rubies. From the days when 
those passages were penned down to our own 
times, the gem has continued to stand in the first 
rank among precious stones ; and even in the 
London market at the present day an Oriental 
ruby of fine colour and of moderate size will com- 
mand a far higher price than any diamond of 
equal weight. 

If the reader will take the trouble to visit any 
large collection of minerals, such as that in the 
British Museum or that in the Museum of Prac- 
tical Geology, he will find that the specimens of 
ruby are placed alongside the specimens of saj^hire. 
Yet what can be more different than these two 
stones — ^the ruby of a brilliant red colour, the 
aapphire of a bright bluet It needs, however, 


but the slenderest acquaintance with chemistry to 
prove that there is here no outrage upon the 
scientific principles of classification. It must be 
remembered that the colour of a mineral is in 
most cases a mere accident, and it wei*e indeed 
a frail system of classification that could be raised 
upon such a basis. Sometimes, it is true, colour 
offers a valuable clue to the identification of a 
mineral ; but just as often, or i>erhaps oftener, it 
proves utterly valueless as a distinctive charac- 
teristic. If a number of minerals are to be sorted, 
so that those of a like kind may be placed together, 
the great object to be kept steadily in view is their 
chemical composition. To this point eveiything 
else is subordinate. If two substances are found 
to have the same chemical constitution, we are 
bound to recognise their kinship, notwithstanding 
any difference in colour or other physical features. 
Now the ruby and the sapphire, in spite of their 
marked differences in colour, are pronounced by 
the chemist to be one and the same thing in 
essence, and it is for this reason that they are 
coupled together at the head of this article. Both 
of them are, in fact, natural forms of that par- 
ticular kind of matter which the chemist tsrms 
alumina. 

Some five-and-twenty years ago an eminent 
French chemist succeeded in preparing, on a com- 
mercial scale, a metal which had previously been 
regarded only as a chemical curiosity, and was 
utterly unknown outside the laboratory. This 
was the metal aluminitm. Every one is now-a- 
days familiar with the brilliant white metal, so 
much like silver in colour and in lustre, yet so 
different from silver in many of its properties, 
especially in its extreme lightness. If a piece of 
jdlver weigh ten pounds, exactly the same bulk of 
aluminium will weigh only about two pounds and 



RUBIES AND SAPPHIRES. 


363 


a half. This lightness, together with the beautiful 
colour and the durability of the metal, led to the 
predictiou, when it was first brought into the 
market, that aluminium would soon find a multi- 
tude of uses in the arts. Experience, however, 
has not justified this prediction, and at the present 
time its use is principally restricted to trivial pur- 
poses of ornament^ and to the preparation of a 
copper-alloy, singularly like gold in colour, known 
as aluminium bronze or aluminium gold, itself 
employed in the manufacture of pencil-cases and 
other ornamental objects. 

It is matter of familiar observation that most of 
our common metals when exposed to the atmo- 
sphere lose their brilliancy, and that a tliin film of 
tarnish or rust gradually creeps over their surface. 
This rust is in most cases a metallic oxide, pro- 
duced by the tinion of the metal with the oxygen 
of the atmosphere. Aluminium, however, may be 
exposed for a long time to atmospheric influences 
without formation of an oxide, and in this power 
of resistance it is almost like one of the precious 
or so-called “noble” metals. Nevertheless, alu- 
minium is capable, under certain conditions, of 
combining with oxygen, and it then produces an 
oxide which is knowm to the chemist as alumina. 
It is this substance which, in a pure ciystallised 
condition, forms the ruby and the sapi)hire. These 
gems are therefore, in chemical language, oxides of 
aluminium. 

To those who are strangers to chemical ideas 
it may seem inci’edible that the beautiful silvery 
metal aluminium should be contained in a sub- 
stance so extremely different as a ruby or a sap- 
phii'e, yet it is beyond question that these gems 
contain more than half their weight of the metal. 
The same silveiy metal is also found in alum, 
whence, indeed, comes the word “alumina.” Still 
more surprising is the fact that this metal is like- 
wise a constituent of common clay. Every clod 
of clay contains from fifteen to twenly per cent, 
of aluminium, and hence this metal is sometimes 
described as “ the base of clay.” Such an expres- 
sion is quite allowable ; but it unfortunately hap- 
pens that popular writers frequently go farther, 
and speak of the ruby and sapphire as “crystallised 
clay,” As this is a grave error, it is necessary to 
point out the great chemical difference between 
the clay and the gema The ruby and the sapphire 
are simply oxide of aluminium, coloured with 
traces of other metaUic oxides ; wliile the clay is 
a substance of complex composition, varying in 
different kinds, but consisting when pure of a 


silicate of aluminium combined with water. It 
will thus be seen that aluminium is the metallic 
basis of both bodies, but that in one case it is 
present as an oxide, and in the other case as a 
silicate. 

In the ruby and in the sapphire the alumina, 
or oxide of aluminium, is always in a crystallised 
condition. So much of the article 
on Diamonds* was occupied in \ 

explaining the phenomenon of \ 

crystallisation, that it is need- 
less to add another word on that \\ 

subject. The crystals of alumina ~ 

are marked by a six-sidedness 
which brings them into close 
kinship with the forms of rock 
crystal described on page 189. 

A very characteristic 8hai>e of a 
crystal of alumina is represented Fig. i — A charao- 
in Fig. 1. Here is a crystal made CiystoUi^dSuinino. 
up of two* similar halves, joined 
together base to base, each consisting of a taper- 
ing pyramid with half a dozen sides. It is notable 
that these crystals, instead of being shai^ply cut, so 
as to present faces which are quite flat and edges 
which ai*e quite straight, are frequently more or 
less rounded, as though they had been rolled and 
inibbed among i>ebbles in the bed 
of a stream. The worn appearance 
which they then present is indicated 
in Fig. 2. 

Mineralogists are in the habit of 
including all varieties of crystallised 
native alumina under the general 
name of corundum, a word which 
has crept into our scientiflc vocabu- 
lary from the East In most cases 
the crystals of corundum lack trans- 

^ X IK. •<.— Jfc 

parency, and possess only dull 

colours, but when they happen to be 

clear and of bright tints they fom some of our 

most highly prized gem-stones. It is the red 

varieties of corundum that form the ruby, and the 

blue varieties the sapjdiire. 

Occasionally the corundum presents other colours, 
and it is then named after the stone to which it 
most nearly ooiTesponds in tint, from which it 
is distinguished, however, by the qualifying desig- 
nation “Oriental.” Thus, a green corundum 
resembling the emerald in colour is known as 
Oriental emerald, a yellow corundum looking like 
a topaz is called Oirienlal topaz, while a purple 
• * “ Sdonoe for AU,” VoL n., p. 187. 




364 


SCIENCE FOR ALL. 


corundum having the colour of amethyst is distin- 
guished as Orie^itdl armthyaU Sometimes the red 
varieties are termed Oriental rvhy to distinguish 
them from other red stones known also in trade as 
‘‘rubies,” but far inferior to the true ruby in colour, 
hardness, rarity, and therefoi’e in value. But when 
the term “ruby” is employed without any qualify- 
designation, it is, or should be, the red corun- 
dum, or Oriental ruby, which invariably is intended. 

It is from India that our supply of the diflFei’ent 
kinds of corundum is principally derived. Ceylon 
yields a great variety of specimens in the form of 
rolled crystals, among which the blue sapphires are 
most abundant Of rubies, or i^ed corundum, the 
finest varieties are obtained from Burmah, but very 
little is yet known as to their mode of occurrence. 
It is said that they are found in a bed of sand 
or gravel which is systematically explored. The 
workings are guarded with the strictest jealousy, 
no European being allowed to visit them. All 
stones exceeding a cei’tain weight are claimed by 
the king, and hence when a large stone is found 
it is the policy of the finder to break it up into 
a number of fragments. 

In 1871 a remarkable deposit of corundum was 
discovered by Colonel Jenks in North Carolina. 
Instead of occurring, as it commonly does else- 
where, in the form of water-worn ciystals or 
rounded pebbles, the corundum was here found in 
its actual matrix or mother-rock. Veins of corun- 
dum running through serpentine rocks yielded 
crystals of enormous size, some of them weighing 
more than 300 lbs. each. It was, of course, not 
ruby and sapphire that was thus found by the 
hundredweight Much of the mineral was, indeed, 
merely coarse corundum, and could be used only 
for the purpose of polishing other stones, but 
still some of it was sufficiently bright in colour 
to be cut as ornamental stones. 

Those varieties of native alumina which are not 
fine enough to be utilised by the jeweller are yet 
useful, by reason of their excessive hardness, as 
abrading agents. The extreme hardness of co- 
rundum furnishes, indeed, one of the most dis- 
tinctive cliaracteristics of “Oriental gems,” such 
as ruby and sapphira Next to the diamond, 
corundum is the hardest known mineral It 
can therefore scratch every other stone, but is 
itself scratched only by a diamond. Inciden- 
tally it may be remarked that the substance so 
well known as emery is a very impure form of 
alumina, and is therefore closely related to the 
coarser kinds of corundum. * 


In the study of minerals it is so important to 
note their hardness that the first thing a mine- 
ralogist generally does, when an unknown substance 
is presented to him, is to take out his penknife and 
observe whether he can scratch it or not Some- 
times, to be sui^, a crystal is not uniformly hard 
on all its faces, but as a rule the hardness is subject 
to little or no variation on different parts of the 
same crystal, or on different crystals of the same 
substance. A property which is at once so cha- 
racteristic and so easily examined must obviously 
be of great value in the discrimination of minerals ; 
and accordingly a table has been drawn up in 
which the degrees of hardness of a few typical 
minerals are expressed by numbei's, thus forming a 
standard scale to which the hai*dness of any other 
substance may be refen^ed with tolemble precision. 
The table which is univei*sally accepted by mine- 
ralogists was originally drawn up by an Austrian 
named Mohs. The highest degree of hardness, 
monopolised by the diamond, is denoted in Mohs’ 
scale by the figure 10. The next degree of hard- 
ness, No. 9, is assigned to the ruby, sapphire, and 
other varieties of corundum, and serves at once to 
distinguish these stones from others with which, by 
similarity of colour, they might readily be con- 
founded. Thus an Oriental or tnie ruby is easily 
distinguished from other red stones, such as a 
spinel-ruby or a garnet; and in like manner an 
Oriental emerald, or green corimdum, is separated 
from an ordinary emei'ald, and an Oriental ame- 
thyst, or purple corundum, from an ordinary 
amethyst. All these “ Oriental ” stones, or coloured 
corundums, have the same high degi'ee of hardness, 
trivial differences excepted. It is said, for instance, 
that the sapphire is slightly harder than the ruby. 

Another character which serves to distinguish 
corundum from most other minerals with which 
it is likely to be confounded is its high specific 
gravity. This expression, in constant use by 
mineialogists, merely ' indicates the relative weight 
or gravity of different kinds or apeciee of matter. 
If we say that an Oriental ruby has a higher 
specific gravity than a spinel-ruby, we simply mean 
that if equal bulks of the two bodies be weighed, 
the Oriental stone will be the heavier. There is no 
characteristic of greater service to the mineralogist, 
especially in the discrimination of gem-stones, than 
this character of specific gravity. Suppose it is 
required to deteimine whether a given stone of red 
colour is an Oriental ruby or simply a spinel, dr 
maybe only a garnet; it is true that crystalline 
characters will at once serve as distinctive marks* 
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Flip 3.— A common form of 
Spin^ Buby. 


since the six-sided forms of ruby are unmistakably 
different from the crystals of spinel or of garnet, 

mineiBls which belong, 
like the diamond, to the 
cubical systeim Fig. 3 
represents the common 
form of a spinel-ruby, 
and Fig, 4 one of the 
most characteristic forms 
of garnet. No true 
sapphire or ruby ever 
assumes either of these 
shapes, or anything like 
them. But when a stone 
has passed through the hands of the lapidary its 
crystalline form is lost, and is therefore no longer 
available directly as a test. Beccurse must then 

be had to some other 
diagnostic or distinctive 
character. Hardness is 
here of service, for both 
spinel and garnet are 
softer than the tine 
ruby. It is not always 
desirable, however, to 
attempt to abrade the 
surface of a finely-cut 
stone, nor is the test 
application in 
the case of very hard stones. It is then that we 
may turn with confidence to the test of sjiecific 
gravity. To apply this test, we weigh the stone 



Fig 4.— A common form of 
Crystal of Qoruet. 



first in air in the ordinary way, and then in water 
by suspending it beneath a scale-pan and immersing 
it in the liquid, as shown in Fig. 5. 
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It is a familiar fact that a stone when plunged 
beneath the surface of water apiiears to lose weight 
A boulder on the sea-shore may be too heavy to be 
moved by a man, yet when immersed in water it 
may bo so buoyed up as to be moved with ease. 
In the same way, a out gem-stone plunged into 
a vessel of water becomes lighter ; and according 
to a well-known principle, said to have been dis- 
covered by the famous Sicilian philosopher, Archi- 
medes, the loss of weight is precisely equal to 
the weight of a quantity of water occupying the 
same bulk as the submerged stone. Now “ s^jecific 
gravity’* means neither more nor less than tlie 
weight of the body compared with the weight of 
an equal bulk of water. All we have to do, there- 
fore, in order to obtain the specific gravity of the 
stone in question, is to divide the weight of the 
stone in air by the loss of weight which it suffers 
when placed in water, and the quotient gives at 
once the specific gravity. By this simple bit of 
arithmetiq we find that the Oriental ruby has a 
si)ecifio gfavity of about 4; in other words, the 
stone is four times as heavy as an equal bulk ot 
water. A cubic foot of water weighs, roughly 
speaking, 1,000 ounces ; therefore, if it were pos- 
sible to j)rocure a cubic foot of ruby or of sapphire, 
or of any other kind of corundum, it would weigh 
about 4,000 ounces. But the same bulk of spinel- 
i*uby or of garnet would weigh considerably less, 
since the specific gravity of the former is about 3*5, 
and that of the latter 3-8. Here, then, is a simple 
yet unfailing test, by means of which we need 
never 'be in doubt about the nature of the stone 
under observation. It is worth noting, however, 
that some of the coarser varieties of corundum do 
not possess exactly the same specific gravity as the 
finer kinds which are used as gem-stones. 

Occasionally the term density is used by mine- 
ralogists in the place of specific gravity. Strictly 
speaking, the two expressions are not quite iden» 
tical, for while specific gravity means relative 
weighty density means relative mass. It is Tin- 
necessary, however, in this place to dwell upon 
this refined distinction, and as a matter of fact 
mineralogists are in the habit of employing the 
two terms indifferently. 

Befoi-e quitting our study of the physical pro- 
perties of the ruby and sapphire, attention should 
be called to a peculiar optical appeai^ce which is 
presented by certain varieties of these gems, espe- 
ciaUy those of a greyish-blue colour and cloudy 
aspect. When stones of this kind are cut with a 
rounded surface, or, as jewellers say, en caboclicn, 
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they are found to exhibit on the sur&oe of the 
boss a luminous star, generally of six rays, whence 
they are called atar-aapphires. If the stone be 
perfect, the rays of light stream forth from the 
summit of the dome, which coincides with the 
centre of the star ; but it often happens that the 
position of the star is not truly central 
When a star^sapphire is carefully examined it is 
generally found to present on its surface a number 
of concentric lines, running in six-sided forms, and 
indicating a lamellar or platy structure in the 
stone. It is upon this peculiar structure that the 
phenomenon of aateriam, or the optical appearance 
of the star-stones, necessarily depends. The phe- 
nomenon may indeed be imitated on a convex piece 
of glass by ruling a multitude of fine parallel lines 
in proper directions. If these lines run all in one 
direction they will give rise to a band of light 



6.— illustrating the artificial production of Asterism. 

running across them transveraelj, as shown in Fig. 
6, A. Such an appearance is presented by many 
stones which have a fibrous structure, especially 
when they are cut into the form of a boss, or en 
cabocltoriy whence they are commonly called cats’ 
eyes.” Now if a second set of fine parallel lines 
be drawn at right angles to the former set, a second 
bond of light will be produced, and the combined 
efiect of the two sets is the production of a luminous 
cross, as represented in Fig. 6, b. If instead of two 
sets of transverse lines we rule thi'ce sets, cutting 
each other at angles of sixty degrees, so as to form 
by their interaection a multitude of little equal- 
sided triangles, there will necessarily be three bands 
of light, and by their crossing each other they form 
a star of six rays, as seen in Fig. 6, c. This is 
exactly similar to the appearance presented by the 
star-sapphire, and there can be little doubt that the 
phenomeno^i in the stone is due to a similar cause — 
namely, to the reflection of light from three sets of 
intersecting lines naturally existing in the stone, 
and closely connected with its crystalline structure. 

This property of asterism was certainly known 
to the ancients, who speak of the star-stone under 
the name of' astericu It is probable, however, that 
other stones, such' as the cat’s eye, were likewise 
known under the same designation. The term 
sapphire,” or some kindred word, appears to have 


been applied to a number of distinct stones of blue 
colour. At any rate, it is certain that the sapphire 
of the ancients was in many cases a very difiPerent 
stone from our modem sapphire* Greek and 
Roman writers on natural history, such as Theo- 
phrastus and Pliny, tell us distinctly that the 
sapphire is spotted with gold.” Now, such a 
description is utterly inapplicable to the blue corun- 
dum, but applies well enough to the stone known as 
lapis lazuli This is an opaque mineral of bright 
blue colour, which is commonly veined and spangled 
with a mineral of brassy or golden colour, called 
iron pyriteSa It is consequently believed that some 
at least of the ancient sapphire ” must have been 
our lapis lazuli — a stone which is still valued for 
ornamental purposes, but is totally distinct, chemi- 
cally and physically, from our sapphire. 

In the course of this article the reader has been 
introduced, perhaps unconsciously, to the idea of 
a mineral species. By studying the ruby and the 
sapphire we have seen which characters are essential 
and which are accidental, and have thus been led to 
conclusions which run counter to poi)ular notions 
on the subject. In examining an unknown mineral, 
the first thing is to settle its chemical composition, 
and the next is to study the character of its crys- 
tallisation, Bodies which have the same chemical 
constitution, and which crystallise in the same 
system of forms, must necessarily be ranked as one 
and the same species. Neither chemical com{)osition 
nor crystalline chai*acter is alone sufllcient to estab- 
lish a species. If, for example, two bodies contain 
the same elements united in the same proportions, 
and are therefore chemically identical, but if they 
assume forms which ai-e crystallographically incom- 
patible, they are invariably regarded as belonging 
to distinct s})ecies. Thus it was shown in a pre- 
yioiis article that diamond and graphite are almost 
identical in chemical composition, but yet crystal- 
lise in two distinct systems ; hence they form two 
mineralogical s})ecies. Ruby and sapphire, on the 
contrary, agree both in composition and in ciystal- 
lisation, and therefore belong to the same s])ecies. 
Minor characters, such as colour, are only sufficient 
to constitute differences of variety^ not of Species j 
and thus it comes about that the red ruby and 
the blue sapphire form two varieties of the species 
corundum. 

When a mineralogist has determined the compo- 
sition and the crystallisation of a given mineral, he 
proceeds to examine its other properties, such as 
density, hardness, colour, lustre, and so forth* Two 
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of these charaoters — specific gravity and hardness 
— are capable of quantitative expression, accurately 
in the first case, and approximately in the second 
We not only say that one body is denser and harder 
than another, but we can say exactly how much 
denser, and in roqgh terms how much harder. When 
we read in some technical treatise on mineralc^ 
that corundum has a S.G. 4 and H. 9, we learn — 
first, that the specific gravity (S.G.) of the mineral 
is repi-esented by 4, or, in other words, that it is 
four times as heavy as an equal bulk of pure water ; 
and secondly, that its degree of hardness (H.) is 
represented on Mohs’ scale by the figure 9, that is 
to say, that it is softer than diamond, which has a 
hardness of 10, but harder than topaz, which has a 
hardness of 8. 

It will have been gathered from the foregoing 
remarks that the science of mineralogy is largely 
dependtot upon a number of collateral sciences. 


A mineiulogist, so far fn>m being an independent 
individual, is constantly seeking aid from his fellow- 
labourers in other scientific fields. He requires a 
knowledge of chemistry to determine the composi- 
tion of the bodies which he examines. He needs 
familiarity with crystallogiUiphy to describe their 
forms, and a knowledge of physics to take their 
specific gravities and to examine their optical pro- 
perties ; while the study of geology is essential if 
he desires to know anything about the mode of their 
occurrence. 

Mineralogy, in fine, furnishes an admirable illus- 
tration of the inteidependence of the physical 
sciences. The seveiul sciences are but so many 
members of one grand system, dovetailed together 
in such a way that each sup 2 >orts, and is in turn 
supported by the rest. It is absolutely imijossible 
to isolate any single science, and to study it apart 
from all others. 


WEATHER TELEGRAPHY. 

By William Liscombe Dallas, 
Meteorological Office, Calcutta, 


I action of the Meteorological Office in issuing, 
X through the various newspapers, forecasts of 
the weather for a day in advance has attracted a 
good deal of attention, and occasioned considerable 
speculation as to the possibility of accurately fore- 
telling approaching weather in our changeable 
climate. The general newspaper reader is doubtless 
quite unaware of the anxiety with which the pro- 
bable weather and wind for each separate district 
are forecasted, because in nearly every case he or 
she has only a cursory acquaintance with the atmo- 
spherical phenomena which influence our weather 
changes, and is consequently unable to comprehend 
the reasons on which the foi'ecasts are based. Some 
explanation of the materials which are available in 
order to enable us to form a judgment as to the 
probable weather may, then, be acceptable, as by 
these means it will be possible for the reader to 
follow intelligently the line of thought travelled by 
the foi'ecaster, and thus to see how easily failure 
may occur. 

The extraordinary strides which have been made 
in the different sciences during the past century are 
owing probably more to the general interest which 
has been awakened in their study among all classes 
of the population, than to the individual labours of 


single savants^ however eminent. It is, therefore, 
subject for congratulation that by means of weather 
telegraphy a mode of popularising the study of 
meteorology has been found, and a prospect opened 
up of arousing the science from that dormant con- 
dition in which it has so long remained. While 
meteorology is engaged in attempts to solve the 
problems of the genemtion and action of different 
well-known atmospherical phenomena, weather 
telegraphy, taking these phenomena and their sur- 
roundings as established facts, makes use of them 
as the basis for weather forecasting, without at- 
tempting any explanation of their origin or destiny, 
and without adopting any of the many theories 
extant as to their nature. With such accuracy 
is this done, that at the Gla^ow meeting of the 
British Association in 1876, Dr. Andiws congratu- 
lated the scientific world, that, having regaid to the 
little progress meteorology had made as a science, the 
returns of weather telegraphy might be considered 
to be on the whole decidedly satisfactory. Before 
attempting an explanation of the physical properties 
of tlie different atmospherical phenomena, it is 
necessary to have a perfectly clear understanding of 
the meaning of the terms employed, and of the 
different attributes of the principal phenomena. 
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It win be noticed that certain dotted lines appear 
every morning on the chart ; these lines are called 
isobars ({.e., equal pressure), and have figures at- 
tached to them, showing what is the height of 
barometer in those parts of the countries over 
which they pass. They are drawn over the country 
in such a manner, that a barometer placed under 
any one of the lines will, at any part of its course, 
register exactly the same pressure. From want of 
information — it being practically impossibleto obtain 
observations from every part of Europe — the isobars, 
it will be seen, sweep over our ai’ea, perhaps without 
touching even one of the stations; but their course 
may be taken as approximately correct, pressure 
varying regularly between the difierent stations, so 
that by a careful measurement between the nearest 
points, the ix>sition of the isobar may be fixed 
almost with certainty. For example, suppose the 
reports from Plymouth and Portsmouth gave the 
barometer reading as 29 4 in., while those from 
Bristol and London were each 29*2 in., then the 
line 29*3 in. might be drawn with certainty midway 
between the two southern and two northern sta- 
tions. Tliese lines, therefore, show at a glance the 
general height of the barometer, or, speaking more 
correctly, the general distribution of atmospheric 
pressure over the coimtry, and a knowledge of the 
conditions which usually accompany the different dis- 
tributions and relations of these isobars, arrd of the 
movements usually followed by the difierent systems, 
is the groundwork of the study of the weather. 

The pressure of the air varies considerably over 
a large area at the same time ; it coirsequently fol- 
lows that at a ceriain place, at a given time, pressure 
is lower than in any other region. Now, if the 
observations of the height of the barometer, taken 
simultaneously at a number of stations scattered 
over the country, are plotted on a chart, the region 
of lowest pi*essure will be readily visible, and also 
the manner in which the barometer rises on all 
sides of it. Let it be supposed that a number of 
synchronous observations have been received from 
all i>arts of the area covered by the Meteorological 
Office chart, and that on a given day the lowest 
reading of the barometer be 28*65 in. over Central 
Wales, then, as pressure is increasing on all sides of 
that spot, at a short distance all round, places will 
be found where the barometer stands at 28*6 in. 
exactly. These places we will now connect together 
by means of an isobar, and so a small circle is 
formed. Still farther oS, but still in a more or less 
circular form, observers will report the barometer 
as reading 28*7 in., and so a larger circle will be 


formed ; and this proceeding may be repeated till 
the highest readings are reached. It will always 
be noticed, however, that the outer lines are not so 
regular as the others, that they have merely a curved 
instead of a circular course, and that the exterior 
ones of all, instead of bending round the low pres- 
sure, bend perhaps in the reverse direction, and 
appear to embrace another space outside, probably, 
the limits of the chart* The space enclosed by the 
line of least value is called an area of low pressure, 
or, on account of its winds, a cyclone, while that 
which the isobar of greatest value encloses is called 
an area of high pressure or anticyclone, and it is on 
the relation which the winds bear to these areas, 
and which the areas bear one to the other, that the 
changes in weather depend. How they ai*e foi*med 
is a doubtful point, and their rate of motion is 
variable ; but certain facts ai*e known about them, 
which, when fully imderstood, enable the student 
to form very often a correct conjecture as to the 
approaching weather. This we opine is the idea 
with which the general public view the establish- 
ment of meteorological bureaux, and to be able to 
say, with some approach to ceitainty, when a flood 
of rain will cease, or when a grateful shower will 
moisten the parched land, would, to most people, be 
the acme of the science, albeit there may be very 
little of what some call “ science in it. 

Both ‘‘cyclones” and “anticyclones” have certain 
attributes in common ; at the centre of each, calms 
prevail, while around their centres the wind blows 
in a rotatory direction. In all other respects they 
differ. The winds certainly circulate round both, 
but flow in exactly opposite directions in the two 
cases. With the anticyclones comes generally bright, 
and always dry, weather ; with the cyclones, rain, 
snow, squalls, and overcast skies. The former are 
stationary or slow in their movements ; the latter 
quicker and more uncertain. 

“Anticyclones ” are areas of high pi*essure, from 
whose centre barometrical readings decrease in all 
directions. It is not at all necessaiy that the baro- 
meter should attain any particular height in them, 
but only that it should be high in relation to the 
surrounding readings. They may also be of any 
size or shape, and may enter or leave any given 
region at any point Practically, however, it is 
found that at different times of the year they affect 
particular situations more than others, so that, 
though numerous instances could be quoted in which 
well-marked anticyclones have travelled slowly 
across our islands, it is more usual to find the area 
of highest pressure firmly established over France 
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and the Peninsula during a large portion of the 
year, while at other times, more particularly in the 
spring, it remains as steadily fixed in the North. 
Bound an anticyclone the wind circulates in the 
same direction as the motion of a clock’s hands, t,e., 
the wind blows — 

From E* on its Southern side. 

„ S. „ Western „ 

„ W. „ Northern „ 

„ N. „ Eastern „ 

In addition to this rotatory motion, the wind 
has a direction out from the centre, a circumstance 
explained by the hypothesis that the area of high 
pressure is formed by a descending cuiTent of air 
which must flow outward. Round an anticyclone 
I’eadingB decrease very slowly; the winds in its 
neighbourhood are very light in force, while the 
weather is dry, fair, and often foggy. The hottest 
weather in summer, and the coldest in winter, is 
experienced when the dominant system is anti- 
cyclonic, and very gi*eat diurnal, mensual, and 
annual ranges of temperature occur when the place 
of observation enjoys an extraordinary or normal 
excess of atmospheric pressure. 

Cyclones,” or areas of low pressure, are very 
much more active factors in the weather of the 
British Isles than anticyclones, our geographical 
position being right across the tiuck traversed by 
the numerous cyclones which pass from the North 
Atlantic over North-western Europe. Cyclonea 
are of very vaiying intensity and size, and are 
more or less rapid in their movements, so that 
their courses and eflects are somewhat difficult to 
determine beforehand. However, the direction of 
the winds, which will suiTOund the central area, is 
well known, and is exactly the converse of those 
explained with the anticyclone, viz. — 

From W. on its Southern side. 

,, N. „ Western „ 

,, E. „ Northern „ 

,, S. ,, Eastern „ 

It is not pretended here that the air whioli forms 
the western wind on its southern side ever com- 
pletes the circulation round the central area, so as 
to become the easterly wind in the north, for at the 
same time the wind has a very decided direction 
inward towai*ds the centre of low pressure, pix)ving 
that there is an ascending current, with a conse- 
quent indraught all round. 

As the chamcter of weather at any place depends 
almost entirely on the winds experienced, it follows 
that the laws which govern its direction and force 
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are most important factors in any attempt to fore- 
tell the approach of changes, or ^e continuation of 
existing conditions. To do this it is necessary, first 
of all, to entirely clear our minds of the old idea that 
the reading of a barometer at a single station, taken 
without any relation to other barometers in its neigh- 
bourhood, gives any sort of clue as to the probable 
weather about to be experienced. The lettering 
on a barometer is almost pure nonsense and would 
never by any chance be used in issuing forecasts. 
To show how utterly at variance the reading of the 
scale and the actual weather often are, two cases 
may be quoted. In the first a severe storm was 
experienced at Liverpool on January 24th, 1876, 
the wind between two and three a.m. having a 
velocity of 62 miles i^er hour, while the barometer 
1*684 30*10 inches, or nearly ** set fair.” In the 
other case the barometer at 6 p.m. on March 6th, 
1876, read 27*94 inches, which is far below “stormy” 
on the barometer scale, while, as a matter of fact, a 
gentle nor^-westerly breeze only was blowing. We 
thus see a strong gale with a barometer at “set 
fair” and a light breeze when it is at “stormy.” 
This is explained only by the fact, that given con- 
ditions of weather do not dei)end on a high baro- 
meter, or a low barometer, but on the relations 
which exist between the areas of high pressure and 
those of low pressure, between the cyclones and 
anticyclones.* In order to show this relationship, 
without having to quote the respective heights 
of the barometer at any two stations with their 
distance apart, a system of gmdients has been 
introduced, by which the relative distribution of 
pressure can l)e shown over a given space without 
a barometer reading being mentioned. It has been 
said that the variation of pressure over a short dis- 
tance is, as a rule, very regular, but should the 
distance be much prolonged, it is probable that the 
difierences between stations at the same distance 
apart, but in different sections of the course of the 
gradient, may vary considerably. Areas of low 
pressure are somewhat similar to amphitheatres, 
the barometer I'eadings rising like steps on all sides 
of a small central plain (Fig. 1). These steps may 
be at uniform distances apart, all the way up, or 
they may be very near each other in some places, 
and far apart in others, and yet the gradient for 
the whole distance be the same in both cases. 

The wind will, however, be very different under 
the two conditions; breezes of uniform strength 
would prevail with the regular gradient, while in 
the other instance, light airs would be experienced. 

• “Science for All,*’ Vol. H., pp. IS, 19. 
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in some parts of the ooursei and gales or strong 
arinds in others. Air^ like other elastic fluids, seeks 
to regain, as soon as it has been by any means 
distui'bed, a condition of equilibrium, so that the 


greater the amount of disturbance, the more rapid 
is the rush of wind to fill up the diflerence; in 
other words, the steeper the gradient the stronger 
the wind. 

Having now explained the rules by which both 
the direction and force of the wind are governed, 
and it being a fact patent to every one that it is on 
the wind that our different classes of weather de- 
pend, it is necessary to revert to the cyclones and 
anticyclones, and show how they act, and react, one 
against the other. 

Anticyclones are, roughly speaking, fine weather 
systems ; they 01*6 accom|)anied by cold weather in 
winter, and hot in summer by light airs, and great 
absolute ” dryness, so that though fog is often 
prevalent, rain is exceedingly rare. The rarest, but 
still by no means uncommon form of anticyclone, 
is shown in Fig. 2, where the isobar 30'4 inches 
encloses a space including the south of the British 
Isles, the Channel, and north of France; the district 
where the very highest readings are found being 
probably somewhei’e in the neighbourhood of the 
Bristol Cliannel. To the south of this point, it 
will be seen that easterly breezes prevail; while 
at Valentia there is a southerly breeze; in the 
north a westerly breeze, over North Germany a 
northerly breeze, and in Noi-th France a north- 
easterly breeze, showing distinctly the circulation 
wUh the clock hands referred to before. With such 
a system very fine weather would prevail in the 
summer, the nights would be cool with slight frost 
on the ground, but the days clear and cloudless ; 
while in the winter-time fog and mist would be 
reported, and very sharp, dry frost would prevail. 
It was such a system that we had over us during 
the first week of the May of 1879, when the only 
seasonable weather of that extraordinary spring 
was expexienoed. In London, unfortunately, we 
lay on the southern side of the anticyclone, so that 
the easterly breeze was felt all the time, but in 


Scotland, where the westerly breeze prevailed, 
temperatui'e was higher, and the weather more 
genial A more common form of anticyclonic 
system is that shown in Fig. 3, where the isobar^ 
30*1 inches, lies over the Bay 
of Biscay, and west and north 
of Fiance, while low pressures 
are reported from the north 
of Scotland. In this case the 
easterly bi'eeze to the south- 
ward of the area is not 
shown. The westerly current 
is shown over the whole of 
these islands, but splitting up into two sec- 
tions after passing our shores ; in the east of 
France, it retains its anticyclonic character, and 
draws into north accoi'dingly ; but in Denmark 
and Norway it becomes slowly and gradually 
cyclonic, drawing into south at Skudesnaes, and 



into east at Cbristiansund. In Fig, 4 is ehown a 
complete reversal of the conditions in Fig. 3. Here 
the highest pressures, 30*4 in., are shown over 
the north of Scandinavia, while readings slowly 



Fig. 1.— lUuttrattug Area of Low Preesare. 
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deeream southward, and are lowest ov^er the Penin- 
sula. There is oonsequentlj in this instance no 
westerly wind, a general easterly current prevailing 
over the whole of Western Europe j but judging 



Fig. 8.> -Anticyclone in S* 


from the experience gained when the different 
atmospheric phenomena are well within the bounds 
of our telegraphic area, it may safely be asserted 
that over the Atlantic to the north-westward of the 
Britisli Isles the wind draws into south-east, being 
part of the circulation round the anticyclone in the 
north, and that over the Atlantic off the Spanish 
coast north-easterly breezes must prevail, being part 
of the cyclonic circulation round the low pressure 
in the south. Other cases could be quoted where 
the anticyclone lay over Denmark and North 
Germany with southerly breezes all over Western 
Europe, or off our western coasts, bringing 
northerly breezes to all stations, but the main 
features are the same in every instance, and a 
general idea of the weather and winds of all areas 
of high pressure may be gathered from an atten- 
tive study of one example. 

Pyclonio systems may be described as bad weather 


systems. To nearly the whole region which they 
cover they bring much moisture and a large amount 
of cloud and rain, though on their western sides, 
that is, where the north-westerly wind prevails, the 
sky is generally moderately clear, though the weather 
is showery. Cyclones, on account of the dampness 
of the air within them, occasion warm weather in 
winter, and cool, wet weather in summer. These 
systems travel, as a general rule, very much more 
quickly than anticyclones, the velocity of the 
centres which advanced over these islands on 
November 10th, 1876, and March 12th, 1876, nearly 
reaching the extiaordinary speed of seventy miles 
an hour, but it is desirable to explain that the rate 
of motion of the stoim centre has very little to do 
with the strength of the winds which surround it ; 
they, as has been before mentioned, dej^ending en- 
tirely on the steepness of the gradients. In Fig. 5 



Fig. 4.->-Axiticydon6 in N, 


is shown a very good example of a winter cyclone j 
the small central area of lowest pressure lies over 
Wales, while from that point the barometer 
gradually rises till it reaches 30*0 in. over North 
Spain, and 29*6 in. in Norway. The circulation 
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of the wind {againtt the clock hande) is exceedingly 
plainly shown, while the effect of the crowding 
together of the isobars in increasing its strength is 
very visibla The lines are closest together on its 



Fig. 5.— Winter Cyclone. 


Houthern side, and gales (denoted by the feathers 
on the wind-arrows) are reported from the Bristol 
Channel, the English Channel, and the Bay of 
Biscay ; they are close together, though less so than 
in the south, on its north-eastern side, and gales 
are reported from Scarboro’ and Shields, while else- 
where, gradients being slighter, the wind, though 
strong, does not reach the force of a gale As 
regards the weather which surrounded tins centre, 
the I'eports from the various stations showed that 
the sky was overcast, or very nearly so, in all paiiis 
of our islands and the adjacent countries, while 
heavy rain had occurred in all parts of the kingdom. 
It must be mentioned, however, that though this 
example is an exceedingly good one, and that 
during the winter half of the year very similar 
storms fi^uently pass over these islandi^ yet all 
cyclones are not like the one figured ; many are 
so Hinall as to be scarcely traceable, and afiect the 


weather only over a veiy small and limited area, 
bringing a shower or two, or a slight thunderstorm 
to a few stations. 

As a general rule cyclones pass over these islands 
ivom west to east, and appear to be most frequently 
generated over the Atlantic, though it has not yet 
been conclusively proved that a particular depres- 
sion may not, after affecting the American coasts, 
pass right over the ocean and appear on the shores 
of the British Isles. It is, at least, certain that the 
majority of our storms arrive from the Atlantic, 
and it is mainlv on this account that weather fore- 
casting in these islands becomes such a hazardous 
matter. As soon, however, as the motion of storms 
is discussed, it is necessaiy, instead of ti*eating of 
the two systems, the cyclones and anticyclones, 
separately, to combine the two and to notice the 
constant relation which exists between them. Anti- 
cyclones api)ear to have a certain governing power 
over the direction of the motion of cyclones, the 
general course of storm centres apparently coincid- 
ing with the dii'ection of the winds around the 
dominant area of high pressui'e, so that given con- 
ditions similar to those in Fig. 3, it would be 
safe to pi^edict that depressions would pass from 
west to east — i.e., from the Atlantic over Western 
Europe. With such a distribution of pressure in 
summer the cyclones would probably be of small 
importance, and light western bi’eezes would prevail, 
with occasional showers in the west, while if the 
season were winter, cyclones similar to that shown 
in Fig. 5, bringing heavy rains and gales, might be 
expected. Supposing such conditions existing, and 
that a serious depression were coming on, the first 
indication would be the appearance of cirrus clouds 
in the extreme west; the wind in the west of Ireland 
would then back from the anticyclonic westerly 
wind to the cyclonic southerly or south south- 
easterly wind; the sky would become overcast, 
temjierature would rise, and rain would commence* 

As the centre came nearer, the wind would in- 
crease in force, but as soon as the actual area of 
lowest pressure was over the station, calms would 
prevail, to be followed by a sudden north-westerly 
squall (as the western side of the centre passed over), 
a heavy shower of rain or snow, and an exceedingly 
quick fall of temperature. These changes would 
take place at each station over which the centi*e of 
the storm passed, while they would be experienced 
in a moi'e modified degree throughout the whole of 
the area over which tlie influence of the stoim was 
felt. It is worthy of remark that the clearing of 
the sky after the passage of a depression is much 
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more oomidete when that depression is quickly 
followed by a second, than when the weather is 
about to permanently improve ; in fact, an exceed- 
ingly dear, bright night after a stormy day is, in 
winter, the reverse of a favourable prognostic of 
fine weather for the morrow. 

SupiK>sing that the distribution of pressure were 
similar to that given in Fig. 4, then by the same 
rule depressions should appear over North Germany, 
and travelling westward pass across France to the 
Mlantic, but as a matter of fact it is exceedingly 
seldom that such a change takes place. The wind 
in the south-east may back to north or north-east, 
the barometer may fall decidedly, gradients increase, 
and easterly gales be experienced, but a well-defined 
area of low pressure travelling from Central Europe 
across France has seldom been traced, a circum- 
stance which supports the ai’gument that most 
seidous storms are generated over large tracts of 
water. W'hen the anticyclone is shown in the 
west, the depi-essions pass from north to south, or 
nearly so ; when in the east from south to north, 
showing that the general course of depressions is 
the same, or nearly the same, as the direction of 
the wind round the anticydone, so that in order to 
know the probable point of appear'ance of the baric 
falls, it is primarily necessary to be sure of the 
position of the governing ar-ea of high pr'essur-e. It 
is to this fact that the following rough rule owes 
its origin. It has been asserted by distinguished 
meteorologists, that in nine cases out of ten it is 
safe to say that if it has rained to-day it will rain 
to-morrow, and vice verad. This dictum is war- 
ranted by the fact previously quoted, that anti- 
cyclones when once formed have a great tendency to 
remain stationary, or nearly stationary, over the 
place of their origin, so that it follows, as cyclones 
are continually passing round the margins of these 
areas of high pressure, a station which is within 
their influence, and has experienced the rain and 
cloud of one, will in the natural order of events 
experience a recurrence of these visitations with 
each succeeding depression, thus having, the same 
character of weather for a shorter or longer period 
according to the time of duration of the anti- 
cyclone. A striking example of the truth of this 
rule was given in the long and severe winter of 
1878-9. l^me after time it was hoped that the ai'ea 
of high pressure in the north had been dissipated, 
and the consequent easterly winds had disappeared, 
yet the anticyclone reappeared over Northern 


Europe, and north-easterly winds returned with 
frost and snow. 

Situated as are the British Isles, an immense 
amount of judgment and experience is requii'ed 
to accurately foretell the weather. It has been 
pointed out how the two governing systems — ^the 
cyclone and the anticyclone — affect our weather, 
and also how the cyclones travel when once the 
anticyclone has been formed; but to be able to 
tell how long an anticyclone will last when formed, 
how serious or slight, how rapid or slow a cyclone 
may ultimately prove to be, which is only just 
impinging on our coasts, has up to the present 
time proved an insoluble problem to meteorologists. 
It is more than probable that even after gieat 
advances have been made in the science of meteor- 
ology, diuinal forecasting will continue, at least for 
Western Europe, to present the same interesting 
cases of &ilure which at present distinguish it; 
but, on the other hand, seasonal forecasting might 
at any iqoment step into almost absolute certainty. 
The re^xirts of the weather experienced in various 
parts of the world during the year 1879 furnished 
many instructive features. All over Western 
Europe the winter and spring were characterised 
by very great severity, right down into Southern 
Europe, snow-storms and frost pi-evailed until the 
year was well advanced, while the sea on the shorer 
of the Levant was at one time coated with ice for 
some miles from the land. In China, also, easterly 
gales of exceptional severity have prevailed with ice 
and snow in many parts of the country. This 
general inclemency, it is almost certain, must be 
accounted for by cosmical or other phenomena out- 
side the earth’s surface, and such phenomena having 
probably regular periodic changes, the elucidation 
of the problem might at any moment be reached. 
With diurnal forecasting, on the contrary, where 
the weather of the day depends on the course and 
intensity of an approaching and im 2 )erfectly-known 
factor, very great uncertainty must always exist. 
The accident of the application of electricity to sig- 
nalling purposes, combined with great ex})erience in 
past weather changes, has indeed enabled us often, 
to form a correct estimate of the probable weather 
by the atmospheric changes which are already in pix)- 
gress; but it is moro than likely that meteorolo- 
gists will sooner be able to say with certainty that 
such and such a fiituro season will be wet or dry, 
warm or cold, than that such and such a future day 
will be fine or unsettled. 
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LODGERS AND BOARDERS IN LOWER LIFE. 

By Andrew Wilson, Ph.D., F.R.S.E., etc. 


T he character of the ‘‘ parasite ” is one which 
from classic times has l^n deservedly held up 
to ridicule and scorn by the universal consent of 
humanity. The cringing, dependent, and fawn- 
ing servitor, dancing attendance upon the heels of 
usually a tyrannical patron, constitutes a picture in 


&vour of which no one may feel prepossessed ; and 
the geneiul idea of such a relationship is that of a 
contemptible alliance betwixt master and servitor, 
calculated to effect no good work upon their human 
surroundings. The tei*m “ parasite,” as applied in 
lower life, whilst it possesses certain analogies with 
the human state so called, nevertheless exhibits a 
widely different aspect when its entire features are 
taken into consideration. The animal parasite, in 
the majority of cases, is unquestionably, like its 
human representative, a degraded creature. It will 
be found most frequently to have lost whatever 
independence it once possessed, and to have merged 
its existence in a slavish dependence on its host. 
In not a few cases, this dependence will be found to 
have proceeded so far, that the parasite has become 
stomach-less and mouthless, and feeds itself, as beat 
it may, on the fluids which its host elaborates for 
personal use. Thorough degradation may thus be 
said to follow the adoption of a parasitic life in 


cases where such an existence is best typified ir 
the animal world. But here the comparison of the 
human and animal dependent may be lavrf ully said 
to end ; and at this stage the differences begin, on 
the other hand, to be plainly apparent. The parasite 
in higher life is at the beck and call of his master, 
and is bound to respond to 
every whim and caprice of his 
owner. Not so the parasite in 
lower life, which exists usually 
as a source of irritation, and 
often as a cause of disease to its 
uninviting, and it may be un- 
conscious, host. The human 
dependent may, it is true, exist 
for his own ends, and may ulti- 
mately benefit himself through 
his despicable ways and through 
the petty meannesses of his life. 
But such advantage may be said 
to be the invariable rale of the 
parasite in lower life. The 
latter not only lodges, but 
boards at the expense of its 
host. It obtains lodgment and 
food in the easiest fashion and 
in the cheapest manner. It is a 
persistent bad lodger ” which 
not only pays no rent, but 
may, in the course of its existence, benefit itself by 
the physical ruin of its benefactor. Sindbad’s ‘‘old 
man of the sea ” was not a more peraistent tenant 
on that hero’s shoulders, than are most parasites on 
or within the bodies of their hosts. And, unfortu- 
nately, the latter may hardly be shaken off as was 
Sindbad’s ancient burden; inasmuch as, when pai'asi- 
tism has become the way of life of a living organism, 
the law that “habit” becomes “a second nature” 
receives a new illustration, and the parasitic exist- 
ence, once begun, tends to become the perpetual and 
normal life of the dependent being. 

Thus much by way of comparison of a way of 
human existence with a curious pathway of animal 
life. Let us endeavour, in the next place, to gain 
some ideas of the structure and development of cer- 
tain typical parasites, and thereafter seek briefly to 
discuss the probable origin and laws of parasitic life 
at large. * In such a zoological ramble we may light 
upon facts which may not only “ feed the curious ” 



Fig. 1 -Hermit-Crab. 
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within us, but serve the higher mission of intellectual 
nurture, in providing food for thought and wise 
refleotiom 

Some simple cases of parasitism may first engage 
our attention, since these less oompKcated relations 
betwixt animals may seiwe perchance to show how 
the moi*e complex associations have been acquired. 
Many cases are known to naturalists in which one 
animal attaches itself to, or merely associates itself 
with, another animal of widely different kind. 
Such association is not only of constant and invari- 
able occurrence, but is moreover inexpli- 
cable, save perhaps on the idea of a chance 
comi>anionship, which, under the influence 
of habit, has become a sworn friendship. ^ 

No better example of such association could 
be found than that of a certain species 
of sea-anemone {Adanisiob palliata) which 
attaches itself to the shells in which her- 
mit-crabs {Pagimis Prideauocii) ensconce 
themselves after the manner of their kind 
(hlgs. 1, 2, 3). Invariably we find crab 
and anemone dwelling together; the former 
toiling along, house on his back, and his 
anemone-friend, securely posed on the 
house in turn, is carried about much as 
the accompanying illustration (Fig. 2) de- 
picts a colony of tube-worms borne on the 
shell in w’hich the ciub resides. Between 
these ‘‘messmates,” as they may be termed, 
the best of understandings appears to exist. 

Constant association, perpetuated from 
generation to generation, has pei'fected re- 
lations of a friendly character between 
crab and anemone. Ihe ci'ab has been seen 
to feed the anemone by aid of his long 
nippers, and to remove the anemone to 
a new and larger shell when, through his 
physical increase, a change of quarters 
was demanded. Here there is association, which, 
if it may hardly be termed beneficial in so far as 
the crab is concerned, nevertheless presents us 
with an instance whex-e the parasite or anemone 
has contx'acted a persistent habit of attachment. 
Such a habit, pursued in other cases, may lead, as 
we shall see, to the beginning of ti*ue parasitism. 

Of a more intimate kind, and more nearly ap- 
pi'oaching parasitism itself, is the relationship 
known to exist between such animals as sea-ane- 
mones and certain fishes, and between such molluscs 
as mussels and certain small cinistaceans named 
‘^pearcrabs.” Any visitor to the seaside who has 
tcmched the outspread tentacles of a sea-anemone. 


knows full well how quickly the animal retracts 
the feelers, and contracts its entire frame. The 
object of such sensitiveness is not far to seek. 
Since the prey of the anemone — consisting of 
ciubs, whelks, and all unwary creatures which may 
stumble across its tentacles — is captui^ed by the 
tentacles, and, primaiily, through the warning 
which the property of sensation gives to the feelers 
of the animal, it would be therefoi'e a perfectly 
just assertion to say that a sea-anemone is a highly 
sensitive animal, and that objects toucliing its 



Fig. 2. —Hermit-Crab and Tube-Wonna. 

tentacles are readily and quickly seized and en- 
gulphed within its sac-like body. But what may 
be said of the I’elationship between certain tropical 
sea-anemones of large size, and some small fishes, 
whose habitual dwelling-place appears to be tho 
interior of the anemones' bodies, and which 
swim in and out of the mouths of their hosts at 
will ? Nor is the case any the less surprising when 
we find it asserted on good authority that the 
anemone may conti*act its body, enclosing the fish, 
and thereafter expanding itself, allow its “mess- 
mate” to swim freely about, only to return again, 
howevei’, to its strange but habitual dwelling- 
place. Considering the rapacity of ordinary 
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anemone-character, as illustrated by the seizure 
of food, how may the immunity of a iish which 
has ventured not merely into ihe lion’s jaws, but 
into its very stomach, be accounted for] Once 
again we are forced to fall back upon the idea 
of habit, use, and wont,” as inducing such an 
haimonious relationship. It might be suggested 



t^e pea-crabs ” (Fig. 4), those minute crustaceans 
wliich occur not merely within the shells and bodies 
of mussels, but are also found as lodgers within 
the bi'eathing-chambers of the ^*sea-squirts” or 
Ascidians (Figs. 6 and 6). How or why these 
cinistacean intruders are toleiuted amongst the 
sensitive tissues of their hosts, is another mystery. 


I 



Fig. 3 .— Hibxit-Cbi.b8 Fiobtiko. 




that the fish may benefit from the easy terms on 
which it may obtain food within the stomach-sac of 
the anemone. If this view be correct, then the case 
may truly be described as that of two ‘^mess- 
mates;” but the details appear as strange and 
curious after this suggestion as before. Such a 
case may show how parasitic habits might be in- 
augurated in the case of an animal more likely to 
become wholly dependent on a host than the fish, 
since the partial dependence of a likely animal on 
the anemone might be replaced by a fuller and 
more complete life of ease and indulgence. 

Somewhat resembling the preceding case is that of 


inexplicable as to its origin, and equally mysterious 
in its continuance, save on the supposition that 
custom has habituated the mollusc or sea-squirt to 
the presence of its guests. Pliny of old, indeed, 
credited the pea-crab with the func- 
tion of pinching its landlord by way 
of warning liim against the ini*oads 
of other and perchance less wel- 
come intruders; but the suggestion 4_pea.orab 
does more credit to the classic 
naturalist’s ingenuity than to his knowledge of 
animal psychology and relationships. That the 
pea-crabs are most probably “lodgers” only^ 
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md not boaiders, within the sea-squirts at least, 
seems a likely idea, from the writer^s own observa- 
tion of the habits of these crustaceans. Pea-crabs 
may be seen to emerge at night from sea-squirts 



'V 

Fig, 5.— Simple Ascidian (A, microcomus), 

kept in an aquarium, to feed on the floor of 
the vessel or tank; the crabs retreating to their 
shelter, on being alarmed, with a rapidity which 
speaks volumes at once for their familiarity with 
their place of refuge and for sea-squirt tolerance 
with lively lodgers. 

In these cases, a habit of association has clearly 
been contracted, with the result of invariably in- 
ducing the stated companionship of two animal 
forms, widely separated from each other in point 

of structure and rank 
in the zoological cate- 
gory. We may now 
proceed to note the 
details of some cases 
in which this associa- 
tion has developed 
into a still closer inti- 
macy, and in which 
the limits and territory of true pamsitism may 
be said to be attained. 

Amongst the parasites that infest the human 
territory, and that of higher animals at large, the 
tapeworms are perhaps the best-known examples. 
These organisms inhabit, as their special sphere, the 
intestines of man and other warm blooded animals 
< — namely, quadrupeds and birds. They may attain 
a length of many feet ; and when scientifically ex- 
amined, each tapeworm is seen to consist of, firstly, 
a veiy minute “head,” armed with booklets and 
suckers for adhesion to the intestine ; secondly, of 
a slender portion composed of imperfectly-formed 
S6 



Fig. 6.— Social Ascidian (A, 
pedmculata). 


joints, the so-called “ neck ; ” and, thirdly, of ni jnerous 
flattened “joints,” of oblong shape. It must be fim 
noticed that the “joints ” do not corresjiond to the 
joints or segments of an oixlinary worm. In the 
tapeworm, indeed, each joint is really 
a semi-independent animal; and the 
I . whole worm, instead of being a single 

yS organism, is thus in reality a collection 

or colony of beings. The “ head ” is 
^ the most personal part, so to sjieak, 

^ of this compound organism, since the 

^ ^ joints are produced from the head and 

neck by a veritable process of “bud- 
r ding.” Each fresh joint appears to 
^ be produced between the head and the 
already-formed segments. And as this 
process of growth may be said to pro- 
ceed continuously during the lifetime 
of the organism, we may readily enough 
understand how the tapeworms may 
r attain the length and dimensions they 
frequently exhibit. 

The tapeworms have little to boast of in the way 
of structure or organisation. Tlio head contains 
the main masses of the nervous system, which send 
two nervous filaments backwards through the 
joints, and two main tubes or “ water-vessels ” run 
one down each side of the body. Each “joint” 
may be described as simply a receptacle for the 
development and production of eggs. In eacli 
joint we see the gi’eatly-branched “ ovary ” or egg- 
producing structure, within which thousands of 
©ggs— destined, under favourable circumstances, to 
produce as many tapeworms — are developed. Thus 
we clearly apj)reciate the almost unlimited fer- 
tility of these animals, when we discover that the 
organism consists of many segments, each capable of 
producing its thousands of eggs , whilst each egg 
that undergoes full development is invested with 
the power of giving origin in turn to a tapeworm- 
organism composed, as before, of its hundfWs of 
joints.* 

What is the life-history of such an organism? 
is a queiy which may best be answei*ed through a 
study of its development. Liberated from the body 
of their host, the joints of the tapeworm, through 
their decay, disperse their minute eggs abroad. 
The eggs, to undergo development into tapeworms, 
require, however, to pass the finst part of their exist- 
ence in a different animal from that in which they 
are to reside as mature tapeworms ; that is to say, 
the egg of the common tapeworm {Tcenia aoliuvn)^ 
♦ Se« Figs. 3, 4, 6 , pp. 371. 372. Science for All, ’ VcL I. 
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which inhabits the human digestive system, would 
come to nothing were it to be swallowed by man. 
For its due development, it requires to be fii'st 
swallowed by a waim-blooded animal, as a first 
host — the animal in question being a pig. Swal- 
lowed by the pig, the egg of the tapeworm soon 
liberates from its covering a little embryo ” pro- 
vided with six booklets. This young tapeworm 
shows no disposition to develop the characteristic 
form of its parent within the pig, but at once pro- 
ceeds to bore its way through the walls of the 
animal’s stomach, and to take up its abode usually 
in the pig’s muscles, or it may be in the liver, 
brain, or some other organ. Here it becomes a 
‘‘resting-larva.” It develops around its body a 
sac or bag containing fluid, and is now known as 
the “ scolex.” Already we may perceive a minute 
head and neck, but no further traces of the mature 
tapeworm are to be seen. Here, also, it can attain 
to no further development. Its career within its 
pig-host ends thus; and if the pig should die a 
natural death, and be buried, the “resting-young” of 
the tapeworm would share the fate of disintegration, 
destruction, and decay, which would, in the latter 
event, await the tissues of the pig. Let us imagine, 
however, that, instead of the unlooked-for and un- 
usual contingency above noted, the pig’s muscles 
are in due season converted into pork, and that 
man partakes of that commodity, especially in an 
uncooked or imperfectly prepared condition. Then, 
each “resting-tapeworm” within its sac, and derived 
from the muscles of the pig, receives a fresh start 
in life, and enters upon the concluding phases of 
development. For, when swallowed by man, the 
little sac is dissolved. By means of its booklets, the 
resting-larva attaches itself to the lining membrane 
of the digestive system. Next ensues a process of 
budding. Joint after joint is duly produced ; and 
the form of the mature tapeworm, with its eggs 
ready for development, as we at first beheld it, again 
appears in the round or cycle of development. 

Such is the curious story of the development of 
these parasites. The main features of that bio- 
graphy consist in the remembrance of the facts that 
these animals possess two hosts, and that they do 
not attain full development in the animal which 
first harbours them. Thus, from the resting-larv» 
of underdone or “ measly ” pork, man derives the 
common tapeworm. From underdone beef be may 
obtain another kind of tapeworm, the first stages 
of whose existence are thus spent within the 
economy of the ox. The young of the tapeworm 
commojdy found in the dog and fox inhabit 


the liver of the rabbit ; another parasite of the dog 
being obtained from the brain of the sheep. The 
cat obtains its parasite in the most natural fashion 
fi'om the liver of the mouse or rat. And man, in 
turn, may act as a first host when he harbours in his 
liver the dreaded “ hydatids,” which are simply the 
immature young, or resting forms, of a tapeworm 
attaining maturity in the dog. No more curious life- 
history than that of a species of tapeworm (Tcenza 
cummertna) can well be imagined ; this parasite 
inhabiting ^e dog’s digestive system. The resting- 
young of this tapeworm inhabit the body of the 
dog-louse — which is duly swallowed by the dog in 
the act of cleaning his coat — and there becomes the 
full-grown tapeworm. The eggs of this mature 
parasite are in turn swallowed the dog-lice, and 
become the resting-young which are destined to 
repeat the history through which their progenitors 
have passed. Here there is seen parasitism within 
parasitism; and, to say the least, it would be a 
puzzling task to account for the origin of the some- 
what complex relationship which has thus •^''en 
developed betwixt the louse, the tapeworm, and 
the canine host, which protects the one and gives 
shelter to the other. 

Equally interesting, and in some respects similar 
to the development of the tapeworms, is the histoiy 
of the flukes (Fig. 7, a). Every one has heard of 
these flat-bodied “ worms ” — each comparable to a 
single joint of a tapeworm — which inhabit the bile- 
ducts and liver-tubes of the sheep, and produce those 
symptoms of emaciation and disease in that animal, 
collectively known as the “ rot.” The eggs of the 
fluke escape into water, ind give birth to young, or 
embryos (Fig. 7, b), which at first swim freely about. 
Soon the young fluke loses its locomotive powers, be- 
comes a tadpole-like being, and enters the body of a 
fresh-water snail. There it remains quiescent, but 
undergoes changes which bring it nearer the condi- 
tion of fluke. When the snail is swallowed by the 
sheep in the act of drinking — or it may be when the 
young flukes escape from the snail into water and 
thus gain ready access to the sheep’s economy — the 
final stage in development is duly brought about ; 
and the young flukes, making their way to the 
liver of the animal, become perfect and mature 
beinga Thus we see that, as in the tapeworms, so 
in the flukes, two hosts are required for the due 
development of these parasites ; and it may not be 
amiss to remark in passing upon the fortunate 
nature — in so far as the higher animals or final 
“ hosts ”*are concerned — of this arrangement But 
for the thousand and one chances of destruction 
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which await the eggs of these parasites, and for the 
dianoes which tell against their successful lodgment 
in their first hosts, and also against their success- 
fully overcoming the difficulties of their complicated 
development, man’s estate would be simply ovemin 


Fig. 7. —Development of Liver Fluke. 

A, Sexually mature (after Blanchard). B, Embryo (after Lcuckart). 

with these o;ganisms, and higher animal life at 
large might well fear rapid extermination* 

Instructive and interesting also is the account 
of the development ^f the notorious Trichina,'*^ 
which is capable of causing grave symptoms or 
death by its attack. This parasite is a minute 
thread-like worm, which, as it exists in the mua- 
clea of man, of the pig, or other animals, is im- 
mature and harmless. When the flesh of the pig, 
for example, containing these trichinse — which lie 
coiled up each within a little “ cyst ” or bag — is 
eaten by man, a wondrous activity is exchanged for 
their previously inert condition. These imrasites, 
set free within the human stomach, rapidly produce 
their young by thousands. These young are de- 
baiTed by the laws of their development from 
attaining any further advance in life before passing 
a term of pupilage, so to sjieak, in the muscles. 
Hence arises the danger of trichina-visitation ; and 
then comes the tug of war. For the rising genera- 
tion of these parasites, produced in the stomach, now 
bore their way through the tissues to a resting- 
place in the muscles, and in the act of migrating 
cause pains and illness often of a serious character. 
Once settled down in the muscles, all danger, how- 

* See Fig. 6, p. 372, “ Science for AU.’’ Vol. I. 


ever, is past. For each worm develops around 
itself a sac or bag, wherein it lies ensconced until 
swallowed by another warm-blooded animal — an 
utterly unlikely fate in the case of man’s muscles, 
the parasites of which will simply undergo degene* 
ration, and be ultimately converted into so many 
specks of lime. 

What are the lessons which a subject, that at 
first sight might be deemed of unsavoury kind, 
seems well calculated to teach us concerning para- 
sitism and its origin ) Briefly summed up, we may 
say that, firstly, parasitic habits are certainly not 
of original nature, but have been acquired — in other 
words, the parasite was not always attached and 
helpless, but was once free and dissociated, and 
acquired its dependent habits in consequence of 
some alteration in its way of life which benefited 
its race. How may such a statement be suppoiiied t 
is a natural enough inquiry. I reply, by the 
consideration of the various graduated stages and 
modifications in parasitism, and by the life-history 
of parasites at large. We may trace every stage in 
the parasitic dependence, and in the degree of 
intimacy which exists betwixt hosts and Icxlgers. 
From the simple condition of mere lodgment and 
attachment (as in the case of the anemone and 
hermit-crab), to that of ^‘messmates,” or pure 
lodgers,” is an easy transition. Tlie fishes living 
within the anemones, and the pea-crabs within 
mussels and Bea-squii*ts, exemplify cases of the latter 
description. In these instances, there is an associa- 
tion more intimate than that existing between the 
anemone and crab •, and although there is an inde- 
pendence of host and lodger, there are to be traced, 
nevertheless, the beginnings of truly parasitic habits. 
The tai)eworms and their allies, as true parasites, 
illustrate beings which have undergone great modi- 
fication of their parts and organs, and whicli, having 
gradually accommodated themselves to tlioir sur- 
roundings, have become lodgers and boarders, feed- 
ing themselves at the expense of their hosts. 

But we gain still clearer ideas of the originally 
fi’ee and non-parasitic state of animal lodglwi and 
boarders, if we consider the meaning of the free 
stages witnessed in their development No better 
illustration in support of this latter idea, that their 
development affords a clue to the whole history of 
parasites, could be cited than that of Sacculinn 
(Fig. 8, b) — a low form of cnistacean, and a kind ot 
poor relation of crabs, shrimps, and their allies. The 
sacculina exists as a bag-like growth on the bodies 
of hermit-crabs. It may be described as a bag tf 
eggs and nothing more, attaching itself by root-like 
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processes to its host, from whose tissues it absorbs 
its nourishment. From its structure as an adult 
sacculina, indeed, we could not guess its true nature, 
seeing that it possesses few or none of the ordinary 
belongings of the animal creation. But if we watch 



Fig. 8.— Derelopment of Saceulit^a (after Haeckel). 
A, Larva ; B, Mature AnimaL 


the development of one of the many eggs this bog- 
like being contains, we may then hazard a guess as 
to its nature and concerning the history of its past, 
Kach sacculina-egg gives birth to an active little 
creature, named a Naiiplius (Fig. 8, a). This little 
being possesses three pail’s of legs or feet, an oval 
bodj', and a single or cyclopean eye. Soon the body 
becomes enclosed in a ‘‘shell;” the front pair of 
limbs increases at the expense of the others, which 
are cast off ; whilst six pairs of swimming-feet are 
developed in their place. Ultimately, these little 
creatures attach themselves to their crab-hosts ; the 
limbs drop off ; the two front limbs I’emain de- 
veloped, and become altered to form organs of adhe- 
sion to their hosts ; and the body itself finally 
assumes the form of the sausage-shaped organism 
we see in the adult sacculina (Fig. 8, b). 

Thus, if “development” may be trusted as a 
criterion of the history of the sacculina race, we 
may believe that at first these parasites were re- 
presented by free-swimming beings resembling the 
“ Nauplius ” (Fig. 8, a), which now appears at the 
first stage in their lives. And it may with equal 
Justice be assumed, from the facts which nature re- 
veals to us, that the fixed and rooted Sacculina is 


itself a later product of development, and appears 
as the result of altered habits and of a changed 
way of life on the part of the original race. Such 
conclusions, though merely hypothetical, ai’e not un- 
supported by the history of other ai^al foimis. On 
the contrary, change and variation may be regarded 
as representing factors and means of normal kind 
in inducing alterations in the stnicture and habits 
of living beings. No one may doubt the existence 
and operation in the world of life of laws which 
direct animal and plant forms along the “ grooves 
of change,” Our difficulty lies, not in determining 
the existence of these laws, but in reaching the 
“law within the law,” on which the degree and 
succession of changes depend. Such ideas that 
alteration and variation are natural actions of life, 
are the result of that wider study of living beings 
which has of late years been prosecuted. Of old, 
the “ fixity ” of species and the permanency of 
animal and plant forms was esteemed an axiom of 
biology. Now, we know that tlie production of 
varieties and races is one of nature’s statutory 
procedures, so to speak. We do not yet know, it is 
time, the limits of variation in different animals or 
plants; but experience shows us that these limits 
probably vary greatly in difierent species. The 
causes of variation are likewise still obscure, but 
amongst these causes, we may rank the influence 
of surroundings and of changed environments as 
of the highest importance. One of many theoreti- 
cal conclusions to which the subject of parasites 
may, therefore, lead, is that alteration and modifi- 
cation of the lives and structure of animals api^ear 
^to be a normal occurrence in nature. Under the 
influence of new ways of life and of changed con- 
ditions, animals once free have become attached as 
parasites, and, from the possession of definite struc- 
ture and organisation, have become degraded, and 
have degenerated to the existing state of many 
parasitical forms. Change and modification are 
thus seen to be important features in ruling the 
destinies of living beings; and no better examples 
of this latter fact may be cited than those 
illustrating the manner in which the so-called 
“vicious circle” of parasite life is perpetually 
maintained. 
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Aerial NaTigationISeeCloudland). 
Aeronauts, ^ 57. 

Agates, 340. 

Agassiz : Glacier Motion, 183, 268. 

Air : How the Airs were Discovered ; by 
William Ackroyd, 249. 

Air-Chamber in Eggs, 195. 

Air Resistance : Cannon Shot, 226. 
Albumen, 195. 

Alcohol in various Wines, 47, 50, 51. 
Aldrich, Com. R.N. : Polar Ice, 359. 

Ale, 51. 

Alkali Manufacture, 282. 

Alpine Bogs, .342. 

Alum, Crystals of, 202, 205. 

Ammonia, Discovery of, 250. 

Ammonia Gas, Mode of obtaining, 249. 
Amsterdam Island, 326. 

Anchitherium (Fossil), Hand of the, 266. 
Andaman Islands, 326. 

Andromedes (Meteors), 145, 

Animal Colonies and Co-operation ; by 
Andrew Wilson, 310. 

Animals, Protective Mimicry in ; by A. 

R. Wallace, 128, 284. 

Animalcule, 90. 

Anning, Miss Mary : Ichthyosaurus, 139. 
Anthers of Flowers, 217, 219. 
Anticyclones, 370. 371. 

Aquaria (See A Fish in the Water). 
Arago: Cooliiw of the Earth, 117. 

Aral, Sea of ; Salt Deposits, 289. 

Arctic Circle, Map of the, 357. 

Ardeer, Manufacture of Dyjiamite at, 336. 
Armadillo, Teeth of, 159, 

Armstrong, Sir William (Set Cannon 
Shot), 

Artillery (See Cannon Shot). 

Ascension Island, 323. 

Ascldians. Simple and Social, 377. 
Assimilation, in Plants and Animals, 
205. 

Asterism, Artificial Production of, 366. 
Atlantic Ocean, :i22. 

Atmo^here, Constitution of the, 252, 253. 
Auk, Great, 108, 

Aurora Borealis at Orleans, 1 ; at Alaska, 
5 : at Brevillepont, 5. 

Auricula, Pollen Grains of, 218. 
Australian Gold Drifts, 73. 

Azores : Oceanic Islands, .322, 324. 

Azote, 255. 

Babyroussa Hog, Skull of, 161. 

Balance, Hydrostatic, SOI, 

Balloons, 5o ; their use in war, .59. 
Bashley-Britten’s Gun, 224. 

Bats: their ** Hands,” 265. 

Bay Salt, 282, 

Bean : Growth, Seed, and Plant. 204. 
Bedford Level, 347. 

Beechey, Rev, Canon : Lantern for Dis- 
solving Views, 213. 

Beetles, Protective Mimicry in, 291. 

Belt : Brazil, Fauna of, 285. 

Bermudas : Oceanic Islands, 323, 
Bianconi : Plasticity of Ice, 271. 

Blo^t, Xavier: Tactile Sensations, 808. 

** Bllatend Sj^metry ” of Animals, 808. 
Biela’s Comet, 146. 

Bird's Arm, 267. 

Bt^, Protective Mimicry in, 134, 294. 


Birds, Teeth of, 160. 

Birds entanfided in Spiders’ Webs, 180. 
Blackburn. Prot : Action of h’oroe in 
Lines of Displacement, 350, 354. 
Blasting Gela^e, 329. 

Blasius, on Moles Food, 168. 

Bleaching: Sulphurous Anhydride, 251. 
Blind Mole, 169; 

Blue-bell, Section of the Flower, 217, 
Boarders and Lodgers in Lower Life 
(Parasites), 374. 

Bogs : A Peat Bog, 341. 

Bog of Allan, 845. 

Boiling, 231. 

Bombay Island, 151. 

Bone and Tooth Substance, 160. 

Bones of the Hand, 262, 263. 

Bordeaux Wines, 51. 

Borneo, 154. 

Bouquet of Wines, 53. 

Bouimon : Oceanic Islands, 325. 

Brain, the : insensible to Touch, 305. 
Brain, Areas of Sensation in the, 307. 
Braudes : Height of Meteors, 148. 

Brandy, 51. 

Breech-loading Guns, 225. 

Brewster, Sir D. : Iceland Spar, 3ft»). 
Bridgeman Lantern, 212. 

Brine Springs and Pits, 280, 282. 

Bronze, old : cause of green tints in, 47. 
Bronze Guns, 223. 

Brown, E. 0. : Gun Cotton, 331. 
Brown-Goode, Prof. : Florida Gopher, 170. 
Bruce: the Euphorbia, or Sneezing- 
plant” of Abyssinia,” 279. 

Buckland, D. : on Ichthyosaurus, 141. 
Budding in Plants and Zoophytes, 207. 

“ Budding " Process of Reproduction in 
Hydras, 8to., 312, 314, 315. 

Bunsen : Discovery of New Elements, 126 
Burgundy, 50. 

Burnett, Dr. S. ; Colour-blindness, 318. 
Burrowing Animals, 186. 

Buttercup, Pollen Grains of, 218. 
Butterflies, Protective Mimicry of, 281. 

“ Cabbage” Butterfly, 286, 

Cabot : Declination of the Compass, 173. 
Cagniard's** Siren,” 304. 

Calc Spar, 348. 

CaUfornian Gold Drifts, 73. 

Canada Balsam, 353. 

Canine Teeth, 156. 

Cannon Shot A; by C. Cooper King, 
Captain, K.M.A., 222. 

Cambridge, Rev. 0. P., on Spiders’ Webs, 
177. 

Camellia : its Structure, 221. 

Cape de Verde Islands, 322, 324. 

Carmine, 49. 

Carnot Sadi : Heat and Work, 260. 
Caroline Islands, 326. 

“Case” Shot 227. 

Caspian Sea: Salt D^osits, 280 
Castracane, Count : Diatoms, 277. 

I Cats : Organs of Touch, 306, 307. 

I Cavaliy Pioneer, 3.35. 

Cavendish, Henry, 63 : his Demonstration 
of the Compound Nature of Water, i6.; 

“ Cells^of Animals and f§an^206. 

“ Cells ” of Flowering Plants, 217. 

' Cells ” of the Sea-mat (Flustra), 315. 

“ Celts,” found in Gravel, 339. 

Ceratodus, Fore-limb of, 267. 

Ceylon : Separation from Hindostan, 154. 
ChagoB Bank : Oceanic Island, 326. 
Chambers and Stoney: The Earth’s 
Magnetism, 175. 

Champagne, 50. 

Charcoal; 93. 

Chiles, M. : his Silk Balloon, 55 ; his Ob- 
servations on Sunset 59. 

Chat Moss, 346. 

Cheshire Salt-field : Hock Salt, 280, 283. 


Chinese, early use of Compass, 171. 
Chloride of ii^um (^ Salt). 
Chromosphere of the Sun, 78. 
Ghronoscope, 94. 

Cider, 51. 

“ClaqueboisV (Wooden Harmonica), 297. 
Clematis, Pollen Grains of, 218. 

Close, Rev. Maxwell: Glaciation, 184. 
Cloudland, Voyages in, 58— 62. 

Coal Dust 278; its Inflammability, 279; 

Explosions in Mines, 279. 
Coast-wearing, 150. 

Coleoptera, Protective Mimicry In, 291. 
Coleridge: Dream of Kubla Khan’s 
Palace, 21. 

Colours of Animals (Su Animals, Pro- 
tective Mimicry). 

Colours of Flowers, 220. 

Colours of Hock Salt, 281, 
Colour-blindness, 307, 316. 

Combustion of Gunpowder, 92. 

Comets and Meteor Showers, 146. 
Compass, The Mariner’s, 171—176. 
Compound Animals: Hydrw, and Sea Fir, 
312, 813, 314. 

Continental Islands; by Professor P. 

Martin Duncan, 150—155. 

Convection of Heat, 123. 

Copper Rusted by Acids and Grease, 47. 
Coprolites, 141. 

Coral Islands, 328. 

Coral Polype, Growth of, 207. 

Coral Rock in Oceanic Islands, 321, 323. 
Co-relations of Forces, 250. 

Corona of the Sun. 81. 

Cotton^wder, 329, 331. 

Cotyledons, or Seed-leaves, 204. 

Coxwell’s Balloon Ascents, 50. 

Crabs, Hermit. 374, 875; Fighting, 376; 
Pea Crab, 376. 

Crabs : their Organs of Touch, 307. 
Cray-fish, Sea, (K). 

Crevasses JMarginal, 186. 

Crickets ; Protective Mimiory in, 293. 
Crocodiles, 138 : their Teeth, 159. 

Crookes, bis Discoveir of Thallium, 126. 
Croll, Dr. James : Motion of Glaciers, 271. 
Crozets : Oceanic Islands, 325. 
(’rystallisation, 189. 205. 

Crystallisation of Fluids, 202. 

Crystallised Alumina, 363. 

Crystals, 208. 

Crystals of Ice : their disintegration, 272. 
Crystals of Iceland Spar, 348, 349. 

Crystals of the Lead-tree, 242. 

Crystalline Structure of Salt, 283. 
Crystals of Sapphire, 363 ; of Garnet, .365. 
Cuckoos, Protective Mimicry in, 294 
Cyclone, Winter, 372. 

Daguerre : Camem and Magic Lantern, 

qaq 

Dallinger: Dust, 275, 278. 

Dalton, his ** Colour-blindness,” 316. 
Daltonism, or “Colour-blindness/’ ,316. 
Dana ; Oceanic Islands, 326, 328. 

Danish Flint Instruments, 103. 

Danish Shell Mounds, 102. 

Date-palm. 218. 

Darwin, Charles: Teeth, 158: the Tneo- 
tuoo, 170 ; Coral Islands. 3^. 

Dead Sea : Salt Deposits. 280. 

Death of Animals and Plants, 208. 

De Blainville : Bones of the Mole, 167. 

De Charpentler : Motion of Glaciers, 269. 
Deer, Hoofs of. 265. 

De Groofs Flying Machine, 54. 

De la Rive : Motion of Glaciers, 270. 
DelboBuf, Professor, his “ Colour-blind- 
ness,” 316, 317, 319. 

Deltas of Rivers, 152, 344. 

Denmark, Peat-mosses of, 346. 

Dentine, 160, 1^. 

Denudation, 151. 

Depression and Elevation of Land, 102. 
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De Quinoey: his Dreams. 22. 

De SausBure : Glaciers. 183. 268. 
Descartes on Dreams. 23. 

Diamonds ; by F. W. Rudler. 187—125. 
Diathermancy. 120. 

Diatoms. 277. 

Diffraction of Sunlight. 75. 

** Dilatation Theory of Glaciers. 269. 
Dioscious Plants, 2^8. 

Dipping Needle. 173. 

•♦Dfemal Swamp,'’ 311. 

Dissection of Flowers. 215. 

** Dissolving Views,” 211. 

Distilling Apparatus. 48. 

Dolphin, Teeth of, 169 ; its “ Hand,” 265. 
Double Refraction : Iceland Spar, 318. 


Oxygen in the Sun's Atmosphere, 77. 

Dreams ; by Robert Wilson, 20—25. 

Drifts, Gold-bearing, 72. 

Drop-bottle. 53. 

Drummond. Lieut. : Lime-light, 210, 

Dry Bulb Hygrometer. 236. 

Dualine, 329. 

Dufay, M. : Iceland Spar, 350. 

Dust; by W. C. Williamson, 273. 

Dust, IViagnided Views of, ^1. 

Dynamometer, 261. 

Dynamite. 329, 331, 335. 

Farly Stone Age, 103. 

Earth. Tho^* “ What is in its Interior » ” by 
William Durham, 110—117 ; Crust of 
the Earth, 111, 112 ; its Form, 112 ; its 
Fluid Orli^n, ib.; its Density, ih. 

Earthquakes. Ill, 115, 238, 239. 

Easter Island, 326. 

Eclipses of the Sun, 78, 81. 

Edison : Heat from the Sun’s Corona, 82. 

Egg, History of a Hen's. 195, 201. 

Ehrenberg : Foraminifera and Dust. 277, 
278. 

Elephant. Molar Teeth of African and 
Indian. 161 : Trunk, 263. 

Emperor Moth, 132. 

Enamel of Teeth, 161. 

End - organs ” of the Senses, 305; of 
Touch, ib. ; ” End-bulbs ” of Papillse, 
ib. 

Epcira Diadematq. 177. 

Enmnes of Steam-sh^ ; their Nominal 
Horse-power. 256 (See Steam-ships). 

Escholtzia, Calyx of. 216. 

Ethyl, 48, 

EuglenaViridis, 90. 

Euphorbia Resinif era : ” Sneezing Plant ” 
of Abyssinia and Morocco. 279. 

Evaporation, 26, 231. 233. 282, 

Explosives, Modern ; by H. Baden 
Pritchard, 328. 

False Teeth, 139. 

Faraday: His Discovery that Oxygen 
can be rendered Magnetic, 175 ; Motion 
of Glaciers. 269; Fracture and Hegc- 
lation of Ice. 269, 272. 

Faversham Gun-cotton Factory, 336. 

Favre, M. ; Colour-blindness, 318. 

Fechner : Touch, 308 ; Weight, 309. 

Fen Lands, 345, 347. 

Fermentation. 48. 

Fernando Noronha : Oceanic Islands, 323. 

Fiery Ordeal: Explanation of Escape 
from it, 67. 

Fingers {See Hand), 

Fiji, 326, 

Fire Balls, 149. 

Firing a Shot ; by H. Baden Pritchard, 
91—96. 

Fish in the Water, A ; by W. A. Lloyd, 


Fishes, Protective Colours of, 134, 

Fish. Use of Salt in curing. 283. 

Flea, Jump of the, 180. 

Flint Weapons and Tools. 102. 

Floes, Ice, in the Polar Sea., 358, 359. 
Flora of Oceanic Islands. 324, 3^. 328. 
Flowers, Dissection of. 215. 

Flowers (See Primrose). 

Fluid Mass of the Earth, 113. 

FlustrsB, or Sea Mats. 313. 314, 315. 

Fly, The : Its Organs of Touch, 307 ; Pro- 
^ tecHve Mimicry in, 2&. 

Flying Machines. 54. 

Forbes’s Vulcanite Pump for Circulation 
of Water. 87. 


Forbes, Principal: Glacier Motion. 183; 
his ’’TravelBln the Alps,” 268, 270, 
271, 272. 

Forohammer, Prof. ; Oceanic Chemistry, 

Fossil Animals: Their “Hands” (See 
Hand). 

“Fraotiwe Theory” of the Motion of 
Glaciers, 271. 

France and England once unseparated 
by SeiL 150. 

Fraunhofer Lines in Solar Spectrum, 76, 
126,127. 

Frost-crystals, 202. 204. 

Frost: Aqueous Vapour of Freezing 
Water. 232. 

Froud : Practical Dynamics. 261, 

Fuchsia : Section of the Flower, 216. 

Galicia: Rock-salt Deposits, 280. 

Galvanising. Protection from Rust, 242. 

Garnet. Crystal of. 365. 

Gas-bag and Pressure Boards, 214. 

Gases. Solubility of. 250. 

Gegenbauer. Carl: Spider's Spinning 
Glands. IM. 

Germs in the Atmosphere, 275, 276. 

Germs in Water, 84. 

Germinal Vesicle of Eggs. 196. 

Germination of Plants (&e Growth). 

Gcoigian Islands, 325, 326. 

Giifard, Henry : his Balloon in Paris, 61. 

Gimbals, 171. ^ 

Gin. 61. 

Glaciers, Irresistibility ot,0L 

Glacier-tables, 186, 187. 

Glaciers : How Glaciers Move ; by W. 
F. Barrett, 181-187, 267. 

Glaisher: Coxwell’s Balloon Ascents. 
50. 

Glonoine, 329. 

Glycerine “Traps,” 275. 

Goats, Hoofs of, 265. 

Gold. 71 : its Heaviness, ib, ; its Mallea- 
bility, ib,; Melting-point of, ib.; 
Quartz Reefs, ib, 

Gold-bearhig Drifts, 72. 

Gold Diggers’ Technical Terms, 73. 

Golden Mole, 169. 

Gold Fish. 25, 26. 

Goodwin Sands. 150. 

Gophers, 170; their Pugnacity. <6./ Tuco- 
tuco. 170. 

Gough Island : Oceanic. 324. 

Gravel on the Garden Path ; by B. B. 
Woodward, 336. 

Gravel-cones of Glaciers, 187. 

Gravel-pit, Section of. 336. 

Greene. Rev. Joseph : Protective Colours 
of Animal^ 131. 

Gregory. Dr. J.: his Dream of Etna, 21. 24. 

Growth ; by Andrew Wilson, 201. 

Gulf Stream, 122. 

Gun. The 80-ton, 93 (iS^ee Cannon ; Gun- 
nery) 

Gun-cotton, 329—335. 

Gunnery. The Art of, 222. 

Gunpowder, Various Kinds of. 91. 92. 

Gunpowder for Cannon-shot, 2^. 

Gunpowder: Modern Explosives, 330. 

Halo, Lunar, 61. 

Hamilton, Sir William: Dreams, 23; 
Eruption of Vesuvius in 1779, 240. 

Hand, The ; by F. Jef&ey Bell, 261. 

Harmonics, 300, 302. 

Harp of Wooden Rods, 296, 297. 

Hartley on Dreams, 25. 

Hay Feve^ 276. 

Heart: Effect of Intemperance on the, 
52; its Insensibility to Sensations of 
Touch, 305. 

Heat emitted from the Sun’s Corona, 82. 

Heat : Inequality of, in the same Degree 
of Latitude, 121 ; its Effect on the 
Molecules of Wate^230. 

Heat : Why the Rain Falls, 234. 

Heat. 309 ; Turkish Bath, ib. 

Heat and Work. 259. 

Heath Turf, 343. 

Height in relation to Work, 256. 

Heis : Shooting Stars. 145, 148. 

Helium in the Sun's Prominences. 79. 

Helmholtz : Regelation of Ice. 272 ; 
Physics of Music, 300, 801, 903; his 
Double Siren. 304. 

Hen's Egg, History of a; by Thomas 
Dunman, 195—201. 


Henry and Dalton's Law of the Pressure 
of GaiMds, 255. 

Herculaneum, its Destruction by the 
Eruption of VesnviuB, 239. 

Hermit Crabs, S^4. 375 : ^hting, 376. 

Hersohel, Sir J. : his Computation of the 
Heat emitted by the Sun, 75 ; Height 
of Shooting Stars, 148. 

Hewitson, on “ Exotic Butterflies,” 288. 

HipparionfFossUn “Hand” of the. 266. 

Hippopotamus: Bones found in Mada- 
gascar, 155. 

History out of Refuse Heaps ; by Robert 
Brown, 102—110. 

Hook, 50. 

Holland, Lord : Dreams, 22. 

Hollyhock. PoUen Grains ot 218. 

Honeysucker: mimlokedby theOrlole.294. 

Hoofed Animals. 265. 

Hooker, Sir Joseph : The Euphorbia or 
“ Sneezi^ Plant ” of Morocco, 279. 

Hopkins, Edward : his Work on tho 


Horn Implements, HO. 

“Horse-power”: James Watt's Unit of 
Work, 99. 256, 257. 

Horses. Hoofs of. 265, 266. 

Hot Springs. 111. 

Houseieek, Arrangement of its Leaves, 9. 
Huggins, Dr., on the Sun, 79. 

Huggins and Miller : Spectroscopic Study 
of Stars, 127. 

Humboldt : Meteors, 145 ; Distribution of 
Terrestrial Magnetism, 174. 

Huyghens : Iceland Spar. 348, 350. 

, Hydree, or Fresh-water Polypes: their 
I Growth. 206. 207; Hydra ViridiB, 810; 
its Poison Apparatus, ib. ; its Repro- 
duction. by Fission, from Om and by 
“ Budding,” ail. aii, 813, 31 ” 
Hydrogen in the Sun’s Prominences, 79. 
Hydrogen : Priestley's Experiments with, 
252. 

Hydrogen Gas, Preparation of, 244, 246. 
Hydrometer, 32, 33. 

Hydrostatic Balance, 365. 

Hygrometers, 236 ; Dry and Wet Bulb, ib. 

Ice, 67-70: its Plasticity, 269, 270. 271 ; 

Regelation of, 269 (Arid see Glaciers). 
Ice Crystals, Disintegration of, 272. 

Ice : Moulds for subjecting it to Pressure, 

I 270. 

Ice. Polar ; by Staff-Surgeon E. L. Moss. 

I R.N.. 356. 

Icebergs, 358. 

Ice and Water, Properties of, 229. 

Iceland Spar; byG. W. von Tunzelmann, 
348. 

Ichthyosaurus, 139. 

Inaccessible Island : Oceanic. 324. 

Incisor ’feeth, 166, 

Indian Ocean : Oceanic Islands, 325* 
Infusoria, 90, 206, 

Initial Velocity Apparatus, 95. 
Intussusception : The Growth of Animals 
and Plants, 205. 

Iodine Vapour, Spectnim of. 127* 

Iris. Pollen Grains of, 218. 

Iron: Apparatus for oxidising, 247, 248. 
Iron, its Protection from Rust (See Rust). 
Iron, Black Oxide of, in the Prevention 
of Rust, 44,244. 

Irradiation of Sunlight. 75. 

Islands, Continental and Oceanic. 150— 
155, 320. 

Ivoiy (Teeth), 160. 

Ivy Leaf, 11. 

I ^'acobesB Caterpillar, 131. 

< Janssen's Discovery of the Gaseity of the 
I Sun’s Prominences, 79. 

I Jaspers. 340. 

Jelly-fish : its Sense of Touch, 307; its 
Poison Apparatus, 310. 

Jerusalem Artichoke. Arrangement of 
Leaves of. 10. 

Jew’s Harp. 903. 

Johannisberg Wine. 51. 

Joule : Heat and Work. 260. 

Juan Fernandez Island, 327. 

Kant on Dreams. 28. 

KeevU Lantern. 212. * _ 

Kiroboff : Absqrotion of Rays by Vapours 
of Metals. 

t Kirkwood, Prof., on Biela’s Comet, 116b 
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Sltoben-Middenen. 105. 
Koh-l.noor.T^m 
KowalewBky, Dr: ** Hands** of Fossil 
Animals, m 
Erapp*8 Gun, 22i. 

Laooadire Islands : Oceanic, 320. 

Ladrone Islands 326. 

Lana*s Flying machine, 51. 

Lancaster Gun, 223. 

Land Shells of Madeira, 824. 

Lappet Moth, 130. 

La&ieUe : Spiders* Webs, 178. 

Ijava : The Story of a Volcano, 239. 
Lavoisier: Experimental Burning of a 
Diamond, 1^ 

Lawrence, Sir William : Dreams, 22. 
Lead : its Action upon Iron, 248. 

Lead, Sugar of : its Decomposition by the 
Eleotno Current, 202, 

Lead-rust, 47. 

Lead Tree, M2. 

Leaf Turf. 343. 

Leaves : the Various Arrangements of, 
7—13 ; their Growth, 204. 

Le Bon, of Languedoc : Gloves and Stock- 
ings made from Spider's Silk, 180. 
Leturr*8 Flying Machine, 54, 56. 

Le Court : Moles, 167. 

Left-handedness, 263. 

Lemurs of Madagascar, 155. 

Leonids {Novemoer Meteors), 145. 
Lepidoptera : Protective Mimicry in, 291. 
Ufe and Growth, 201, 208. 

Light emitted by the Sun, 75. 

Light and Shade, 317 {See Colour-blind- 
ness). 

lime-light, 210, 212. 

Lime-light Gasometers, 214. 
limestone^ 163, 164. 

limestone Caves: Stalactites and Stalag- 
mites, 203. 
lithofracteur, 829. 

Lobster : its Anatomy, 34—41 ; its Organs 
of Touch, 307. 

Locke, on Dreaming, 23. 

Lockyer, J. Norman : Spectrum of the 
Prominences of the Sun, 79. 
liO^ers and Boarders in Lower Life 
(Parasites) ; by Andrew Wilson, 374. 
Longicom Beetles, Protective Mimicry 
in, 292. 

Limar Halo, 61. 

McClintock, Sir Leopold : Polar Ice, 359. 
Maenish, Dr. : his Dream, 22. 
Madagascar : once part of Mainland, 152, 
154 ; Lemurs of, 155. 

Madeira (Wine), 50. 

Madeira, Island of, 322, 324. 

Magic Lantern, 208. 

Magnetism, 2. 

Marne Boy’s Tunnel (Gold Drift), 73. 
Maize with Smut, 276. 

Malay Archipelago ; Map of, 152 ; Butter- 
fllM, 285, ^ 290. 

Maidive Islands : Oceanic, 326. 

Malus* Polarisoope, 354. 

Mantis of the Amazon, 293. 

Marine Peat, 343. 

Mariner’s Compass ; by W. Durham, 171. 
Markham, Captain : Polar Ice, 355. 
Marloye’s Harp of Wooden Hods, 296. 
Marquesas Islands, 324, 326. 

“Mars’ Colours,” 46. 

Marsh Plants, 346. 

Mauna Loa, Island and Volcano, 326. 
Mauritius : Oceanic Islands, 325. 

Maury, M. : Dreams, 25. 

Mau]^, Commodore: Rain and Evapo- 
ration, 235. 

May, Captain, R.N. : Northern Lights, 1. 
Meadow Saflhin : its Structure, 221. 

Mer de Glace, 183, 268. 

Meteors, 147, 148. 

Methylated Spirit, 48. 

Microscopical Biography; by W. H. 
Kesteven, 90. 

Microscope : the Lime-light, 214. 

Milita^ Engineering, Use of Gun-cotton 

156. 

Milton’s Erroneous Description of the 
Whale, 89. 

MimiciTt Protective, 284. 

Mitoheil, W. : his Ivy-le^ Theory, 11. 
Modem Explosives ; by H. Baden PrJt- 
ehard* 32& 


Molar Teeth, 156. 160. 

Moles and Molehills; by Edward R. 
Alstom 166. 

Mole’s “ Fortress/* A : Conventional Plan, 
Elevation, and Section of, 167, 169. 
Mole-rat, 169. 

Monkeys, Feet of, 263. 

Monocnord, or Sonometer, 297. 

Mont Blanc : Glaciers, 268. 

Montgolfier’s Balloons, 53. 

Monsoons, 14. 

Moon, The : the Cause of Variation in 
Earth’s Magnetism, 176 ; its Supposed 
Influence upon the Earth’s Inner 
Ocean Fluid, 113. 

Morlot, M. : Wild Swan, 109. 

Moselle, 50. 

Mosses, 341, 342. 

Moths : Buff-tip, and Lappet, 129 ; Protec- 
tive Mlmlci7ln,291. 

Mould and Fun^id Plants, Spords of, 275. 
Mountain Chains, 152. 

Mountains on Oceanic Islands, 322. 
Mozley, Canon ; Plasticity of Ice, 27L 
Mud, ilZ {See Dust). 

Murchison, Sir Roderick : his Theoir of 
the Cut through Wonlock Edge, 1^. 
Music, The Physics of ; by Professor R. 

Eaton Lowe, 296. 

Musical Reed, 303. 

Muzzle-loading Guns, 222. 

Nadar’s Balloon, “Le Gdant,” 58. 

Naples, Views of Mount Vesuvius from, 
237, ^1. 

Nares, Sir George, R.N. : Polar Tempera- 
ture, 118. 

Narwhal, Skull and Teeth of, 159, 161. 
Natural Selection: Protective Mr.micry 
in Animals, 296. 

Nephila Spiders, 180. 

Nerves of Organs of Touch. 262, 305, 306. 
New Caledonia : Oceanic Islands, 326. 
Newton, Sir Isaac : Compound Nature of 
V^te Light, 125 ; Diamonds, 193. 
Newts, Reproduction of Lost Limbs in, 
311. 

New Zealand : Oceanic Islands, 326. 
Nicol’s Prism, 353. 

Nightingale Island: Oceanic Islands, 324. 
Ni^gen: Investigations of Priestley, 

Nitrogen, Oxides of, 127. 
Nitro-compounds : Modern Explosives, 

NitrcnG^cerine, 329, 330, 331. 

Nobel, Dr. : Nitrojglycerine, 330, 331. 
Noble, Capt.: His Uhronoscope, 94. 
Non-edible Insects gaily coloured, 132. 
Nordenslddld, ProfT : Polar Ice, 355. 
Norman, Robert : Dipping Needle, 173. 
Northern Lights ; by G. W. von Tunzcl- 
mann, 1—6. 

Northwich, Cheshire, Salt-mine at, 280, 
283. 

Nuggets, Gold ; by G. A, Lebour, 71. 
NygaaM Glacier, 183. 

Oceanic Islands and their History; by 
Prof. P. Martin Duncan, .320. 

Oceanic Snow-line, 181, 358. 

Oil-paint as a Protection from Rust, 212. 
Olmsted, Professor : Falling Stars, 146. 

“ Orange-tip ” Butterfly, 13^ 286. 
Organ-pipes, 298, 302. 

Oriole : The Honeysucker mimicked by 
it, 294. 

Orleans or Regent Diamond, 188. 
Ornaments, Primitive, 187. 

“ Overtflnes,” Musical, 300. 

Ovule of the Primrose, 219. 

Owen, Professor: on Probable Fin in 
Ichthyosaurs, 139 ; on the Hand, 262. 
Oxen, Hoof of. 265. 

Oxygen ; its Discovery by Priestley, 252 ; 
froduotion of, 214. 

Oxidising Chamber, for Protection of 
Iron from Rust, 247, 248. 
Oxy-hydrogen Lantern, 213. 
Oxy-hydrogen Light, 210. 

Oysters, 106. 

Pacific Ocean : Oceanic Islands, 326. 
Pacinian Bodies : Organs of Touch, 305, 
Paint, as a Protection from Rust, 241. 
PalUBerSheU,221. 

Pandean Pipes, 298. 

I Papilio Merope, 288, m 


PapUio Paradoxa. 290. 

Papillm : Organs of Touch, 306. 
Parasites, 374. 

Parry, Sir Edward, Polar loe, 359. 
Passion Flower, Pollen Grains of, 218. 
Pasteur : Dust, 275. 

Pea Crab, 376. 

Peat-bog, A ; by Prof. T. R. Jones, 841. 
Peccary, Foot of the, 265. 

Peony : its Structure, 221. 

Perch, Teeth of, 160. 

Perseids {August Meteors), 145. 

Person, M. : Plasticity of Ice, 271. 

Peters, Dr. : November Meteors, 146. 
Pfaff: PlasUoity of Ice, 271. 

Phosphorio Fluids : Supposed Origin of 
Shooting Stars, 145. 

Photogenic Lantern, 209. 

Photographs of Eclipse of the Sun, 78. 
Photographic Camera, and Magic Lan- 
tern, 208, 209. 

Physics of Music; by Prof. R. Eaton 
Lowe, 296. 

Pianoforte, The, 298, 300, 301. 

Pioo, Island of, 322. 

Pifls, Hoofs of, 265. 

Plki Teeth of, 158. 

Pitt Diamond, 188. 

Plain of Marine Denudation, 163. 

Plante, M. : Aurora Borealis, 4. 

Plants: Mathematics of; by Prof. G. 

Dickie, 7-13 ; Growth of, 2j04, 205, 206. 
Platinum Spectrum and Colour-blind- 
ness, 317. 

Plesiosaurs, 141. 

PHny, on Rock Crystals, 189 ; Dust, 279. 
Pliny the Younger : his Account of the 
Destruction of Pompeii, 238. 
Pneumatic Trough, 251. 

Poison Fangs of Serpents, 162. 

Poisson’s Supposition respecting the 
Earth’s Interior, 112. 

Polar Floe, 358 ; Section of, 360. 

Polar Ice ; by Dr. E. L. Moss, R.N., 356. 
Polarisoope. Malus’, 354. 

Polarised Light, 355. 

Polar Sea : its Temperature, 118 ; Mid- 
summer View of, 358. 

Pole, Dr. Wm, ; his “ Colour-blindness,” 
316. 

Poles of the Earth, why Ice-bound, 118. 
Pollen of Flowers, 12, ^18, 219. 

Pollen, as Dust in the Air, 276. 

Polype, Growth of, 207. 

Polypes, Fresh-water, reproduced by 
Ffesion, 311. 

Pompeii, its Destruction by the Eruption 
of Vesuvius, 239. 

PontanuB : Fertilisation of Date-palm, 218. 
Poppy, Pistil of tlio, 219. 

Porpoise : its “ Hand,” 265. 

Port Wine, 47, 49. 

Porter, Ijondon, 61, 

Potato Crops; Cause of their Failure, 276 
(Nee Dust). 

Potential Energy, 97. 

Pottery, Early Danish, 102, 109. 

Pouillot ; (ilola of External Space, 118. 
Power, What is it # by W. D. Scott-Mon* 
i Crieff, 97, 102, 25a 
Pr^ries. 346. 

Prccambrian Rocks, 341. 

Pressure, Sensation of, 308, 309. 

Priestley : his History and Discovcriesi 
250-&5 

Primrose, A \ by Robert Brown, 215. 
Protective Colours of Animals, 128. 
Protective Mimic^ in Animals, 284. 
Puff-birds, Butteriues caught by, 285. 
Pulse, The, 262. 

Pulse Glass, 48. 

Quartz and Gold Nuggets, 71—74. 

Rain : Why the Rain Falls ; by Robert 
James Mann, 229. 

Rainfall, Statistics of, 235. 

Rain Gauges, 235. 

Reed Pipes, 303. 

Reefs o^old Quartz, 71, 72. 

Reflection of Heat, 122. 

Refraction, Relation of Velocity to, 352. 
RefracUon, Double : Iceland Spar, 318. 
RegelaUon of Ice, 270, 271. 

Regent or Orleans Diamond, 188. 

Reid, Dr. : a Dream of being Scalped, 21« 
Reptiles, Great Sea, 137-147. 

Reptiles. Protective Colour of, 134. 
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“ Resonators, " ;i01. 

Rhinoceros, Hoof of the, 26^, 2()<). 

Rhine Valley: its f'(‘rlile Plains trae(Ml 
to th(' Du.^t of Ancient (lhiei(n*s, 1S2. 
Rhine Wines, ol. 

Richardson. Hr: Temiieralurc in Alco- 
holic Poiaoninji:, aii. 

Rivers: Riv(;r Action, Km: liow th(‘3 
shift their Jk'ds. Della of, ;tll. 
Rifj:hl>-handc(lncss, 2G3. 

Roberts : Dust, 27;). 

Rocks, Growth of, 2(12. 

Rock Cry Minis, 1811, IkM. 

Jtock Crystal Oil, 20y. 

Rock Salt: by David Rri'innor, 27K. 
liodri^^uez : (K'canic Islands. 827). 

Rose, Cn. : Heat in^ a Diamond, UK, 
ltos(\ Polkai Gr.'iiiis oi, 21S. 

Rozicr's Balloon ABeents, .m. 

Rubies and Sapidiiics ; by F. W. Rudlcr, 
3K), 3(12. 

Ruby-tall Wasps, 1.V2. 

ituniford. Count ; Heat and AVork, 200. 

Rusi-ia, Jilack Karth of, 317. 

Rust, and (’an Science C-omiucr il ; by 
I^rof. l^'rederick S. BarJl, J1 17, 211. 

St. George’s Hall, ]ji\erpooI, Oriirau, 2118. 
St. Helena : (Jeeanic Islands, ;i2;>. 

St. Lawrence’s 'lA'.ars, 11.'). 

St, I’anls Rocks: Occ^anic Islands, 323. 

St. Vineimfs Island, 322. 

Salamanders, 311 

Salt : A }^iec(‘ of Rock Salt ; by David 
BrcMuner, 273. 

“Salt Cake,” 282. 

Salt (’rystals. Formation of, 283. 

Salt Alavsh, 317. 

Sandwich Islands, 32(1. 

Santa Chi-islina ^Marquesas Islands), 321, 
Sa)), in tin* Growth ot Plants, 2(K;. 
Sapphires; by F. W. Pudler, 310, 3(12. 
Savart : Apparatus lor Raleot Vibration, 
303. 

Sclus'le, C’arl ; his History, ]Oxp(‘riments, 
ami Discoveries, 2.)3, 233 ; Sui]*liuraled 
H\droL^cn. 233, 

Scilly Islets, 131. 

Seioplicon, or Pholownic Latilern, 203. 
Seottisli Shell Ib-aps, 101. 

Sea, 'Idle : as the OriLCin of Gold in the 
Farth, 71: wh\ it is Salt, 23 -31. 
Sca-A<‘1 ion. Km. 

Sca-Aiiemone-, ; Growtli of, 207 ; their 
1 te)»rodu<*tion 1>N J''is-,ion, 311, 

S(‘a Fir (St'rlulanai 312, 313; its Riqiro- 
duction l)> “ Buddm,l,^'' 31 1. 

Sea Mats (Flnsira*), 313, 311, ,‘ll.‘j. 

Sea Pep1il(*s, Great, K’i7 113. 

Sea .S.iiiii, 201. 

Sea serpi-nts, PIS. 

Sea-water artilieially pre]tare(l, 83. 

Secehi : Sun’s PromimMices, SI. 

Seeds of Plants : i licir Grow I h. 201, 
Serpents: lh-oteeti\e Alimiery iii, 233; 

'I'eel li of ( Si'c Sea Serpent , .Snakesl, 102. 
Serlularia, or Sea Pir, 312, 313. 

Se\ (*rii, ’Phe : How il ent throne;!) A\'en- 
loek ; In ( Calltiwa.t, K)2 Kill. 

Shark, 'I’eeth ot, 133 

ShtM*p, Teetli. Skull, and Hoofs of, I.")!), 2(i3. 
Sliell-iiiemfu'ane of Hen's 133, 
Shell-mound.s, 102, 

.Shells, Land. 321, 

“ Shells,” or IbOlow Shot. 222. 

“Shell,” Section (O' Common, 227 
Sh(‘rr\ , 7)0. 

Shootme' St^u•s ; h,\ W. I’ In‘nnin'.r. Ill; 
f.xploded Theorie-,, 113; their Num- 
bers and TMaernil nde, 113. 

Shot, l^ iriULT a. 31 - 30. 

Shot (.SVc ( 'annon Sliol ). 

Shrapnel! Shell, Section of, 227 
Siderwjck, A.: Prob'ctive ('oioni- , 131. 
Si(Tra ot the Sun, 78. 

Siij:ht : Max Schnlt/(“ on the Retina, 307. 
Si^ht (.S'er Coloiir-blindm^ss). 

Silted Valley, Peat of, 31.’), 

Silver tarnished by Air and FkI^s, K). 
Silver contained in Gold, 71- 
“Siren,” (lai^niard s, 303. 

Skate. Jaws of, 133. 

Sle(>p, 20. 

“Sli(lin{^ Theory ” of Glaciers 21)8. 
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Slow-hurninK Cannon Pov\di‘r, 32. 

Smith, Dr. Edward: Ell’cct of Stiimilants 
on llcspiration, 32. 

Smut on Maize, 27G. 

Smyth, Professor Piazzi: his Photo- 
praphs of th(‘ Pyramids, 203 
Snakes, Protective Mimicry in, 233. 

Snow^ and the Snow-l)all, 202, 270, 338. 
Snow'-line, Oceanic, 181, 358. 

“ Snow' Bridt^cs,” 203, 270. 

Sodium CliJoridc {See Salt). 

Solar Heat, 75. 

Solar S])ec-lrum, 73, 120. 

Solar Storms, 3. 

“ Soldiers ami Sailons ” (Tclephoiw), 232. 
Soliditication of the Earth, 114. 

Solubility of Ga.ses, 2.‘»(), 2.')5 
Sonomettu*, or Monochord, 2J)0, 3(K). 
Sound-wave from 'runing-fork, 301. 

Spar, Iceland, 318. 

Spear-heads of Flint, 103. 

Sp(‘cille (Jravity Bubble, 33 
Sp(‘cilie Heat of Wat er, 08, 122. 

Spe(;lra of V'arious Elements, 120. 
Sp(‘ctroscope, 73, 125. 

S})cctrun), Solar Analysi.s, 70, 77. 
Spheroidal Stale of W’ater, 00. 

Spiders, 170-181. 

Splenic F(‘\ (u* produced by Germs, 270. 
Spores. D(‘velopment of, 12. 

Stagnant W ater, Animalcule in. 3(i. 
Stainton ; on Xon-edihle liLsects, 132. 
Stalactite's, 203. 203, 2(Ml, 208. 

Stalagmites, 203. 

Stamens of Flowers, 217. 

Stars, 1’lie : AVhal they are Made of; by 
W illiam Ackrovd, 121 128. 

Stars, Shooting, HI 113. 

Steam, Nature of, 217). 

Steam Lngita*, 33, 100. 

Steam used Expansively, Table of, 238. 
Steam SipM'r-ht aler, 217. 

Slcaiii " Indicator,” 27)8, 200. 

Stcam-shii)s : Horse-])owcr of, 27»0. 

Stems of Plants : ilu'ii* Growth. 201. 
Stcw'art, Prof. Biilfour: Variations of 
Magnetic Elements, 175 ; Alotion of 
( 1 hicicrs, 272. 

Stick Insects, 1.30. 

Stilling, Dr.: Colour-hlindm'ss, 318. 

Stone Lilii's, 103. 

Stout, ,’)1 

“Sto\ cd,” or line 'I’ahlc Salt, 282. 

Stow market Gun-cotton f'ae'tory, 330. 

“ Stream tm,” 310. 

Subterranean .\nimals, 100-17L 
Sully, Air , on Itreams, 21. 

Subinarinc Blasting, :{32, 333, 

Sugar, Crystallisation of, 207). 

Suli)hur Show ers, 218. 

Sulphurous Anhydride, disco\crcd by 
Priestley, 231. 

Sun, The 71-78,113 113. 

Simsliine: How it W'arms the Lartli; bv 
It. J. Maim, 117 121. 

Sun Spots, 3, 77. 

Sunken Forest.-?, 131. 

Swamps. 312. 

symmetr\ in Animals and Plants, 200. 

3'abiti : Georgian Islands, 327i. 

3’aine, .M., on Dreams, 23. 

Tail, Profe.ssor: Motion of Glaeii'rs, 272. 
Talbot, 11. Fox: Pliotograpliie (’amcra 
and Alagie Lantern, 208. 

Tannin, 13; m Wine and 'Pea, ih. 

Tajur, “Hand” of tin*, 20.5, 200. 

Tar.-iins, 'Peel b of, 17)8. 

3’a.smania : once part of Mainland, 17)2. 
’[’('(•th; by Andrew' Wilson, 17>0- 1()2. 
3'eetb, Decay of, 208. 

'P('legra])hy, \V(.*at her, 307. 

3\*m oeraturc of tlie Earth’s Interior, 111; 
il-^ Diininution, 1 1 1. 

'Pi'inperaturc : Why the Rain I'alls, 233, 
231; its LlPect on the Absorption of 
Gas, 2.50, 27»5 ; on the Motion of Gla- 
ciers, 203,270, 271. 

Temperature, Sense of, ,3011. 

Teneriire, Peak of, 321, 322, .321. 
'I’eri'estrial .Magm'tism, 171. 

'I’etraiihis, 'lA'cth of, 12. 

3’homson, Prof. Jas. ; Motion of Glaeic'i’s, 
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Thomson, Sir W’',.ou tlu' Earth’s Crust, 
Hi ; Heal and W’ork,200; Glaciers, 272. 
Tliread-et'lls of Hydra, 308. 

3’hroat-tcc‘Ah of Raeliiodon, 102. 

“ 3’imhr(‘,” iMusii.'.al, 3(K). 
n’iiiH', in R('latioii to W’ork, 27)0. 

“ 3’iiming, ’ 213. 

Tokay , ;50. 

Tom', Musical, 300. 

ToniU', 323, 331. 

Tools of Flint, 102 100. 

Tooth fhilp, 100. 

3'orp('does, 330, 7132, 333, 331. 

3\)rt()ises, Gigantic, .327. 

3’c)iieh ; by F. .lelPrey Bi ll, 301. 

“'Pouch,” in Pianoforte-playing, 300. 
'Ponrmaline Plates, 353. 

'Prade WTmls, 10, 17. 

'PraiLsyl vanian Gold IMines, 71. 

Tremhh'y : Growth ol Hydi'm, 207 ; Re- 
prodmOion of Lresh-water I’oly pe, 311. 
Trimi'ii, Jioland : Protective Mimicry ol 
South African Jiuttcrllies, 288. 
lYistan d’Acindui : Oceanic Islands, .321. 
Tristram, Ckinon, on iTotecti\c Colours 
of Animals, 133. 

'Propies, Tlie : w liy fro.sl less, 118. 
Tiihi'-wmrms, .375, 

'Pnfa, Volcanic: Diatoms in, 277. 

Ihilip, Pollen Grains of, 218. 

'PUndras, Russian, 317. 

'J’uning-fork, 301, 303. 

'Purf-moors, .311, 311. 

'Ptirkish Path: Temi)ci-aturc, 300. 

'Pusks of Ek‘))hants, 101. 

'Pyndall, Prof. : P(>rnu'ability of the Air 
by Sun’s Kays, 120 ; Motion of (flacicrs, 
18,5, 201), 270: R('g(*laliou of lee. 272; 
of le(' Crystals, 272; Dust, 274, 275, 277 ; 
IMiysics ol Music, 3(M). 

Upheaval on (’V)ast line, 1;52. 

Vapour, 23), 232, 233, 231. 

A’arni?h('s on Paint. 212. 

V('g('tal)l(' Lilt', Persistence of. 85). 
Vt'gctation of bogs, 312. 

Vegetation in Continental Islands. 151. 
Vesu\ ills, Views of, 2;i7, 238, 23!), 210. 
Vibratilt' Commotion of ^\’att'r, 231. 
A’im'saml Vineyards, ,51, 52. 

N'iolin, 3’h(‘. 207. 

Viscosity of Fluids, 20! I. 

“ Viscous 'Pheory ” of Glaciers, 200. 271. 
Vision, Pang)- oi. 22!) 

Vision (See Colonr-blindnt'ss). 

Visions, 21, 

Volcanic Action in the P'ormal ion < I' 
Gct'anie Islands, 321. 322, 321. 

Volcanic Inllmmct' on tbt' (Pohe, 273. 
Volcano, 3’hc Story ol a, a^ told in 
History; by Prof. 3'. G. Boimcy, 237. 
Volcaiioi'S, 1 11— 11,5. 

Volcanic Islands, ;!21, !i22, 3;M, 325. 
A’oyages in Cloudland, ;5.3 — 02. 

W'atdilvn ; S])ccilic Gra\ ity of 1li<' At laii- 
tic, 31). 

Warrington’s Afiuai'ium (181!M. 80, 

A\'alt'i', 21') - 30, .51, (*)2 70, 203, 220, 252. 
Walt'r-lily, its Sinieturc, 220. 

Walt, James: “ llorM'-l^ow'cr,” 27>(i. 
W’calc, Alanscl : Protccl i vc Alimiery', 
Weather 'Pt'l('gra])hy, 307. 

Weber, hkionard: 'I'oneli, 300, 308. 
Wcnlock lidgc, 102 100. 

AVliale, 'Pbt', 8!); its “ Hands,” 201. 
Wheel Animalcule, 278. 

W’liirl winds, 18 . 

Wbil worth Gun, 223, 22(1 
A\’ind, 'Ph(' : Jlow' it Cliangcs, by 1? J 
Alann, 1.3-20, 121. 223. 

Wind Instruments, 30.1 
AVine. A Glass of, 17- ;53. 

W’incs : Acids of, 51 ; Alcoliol in. 7)0, 51. 
W’ircs, Vibration of, 207, 2!)8, :{(M). 
W'ollaston : lecland Spar. 318. 

AVoolwicb Infant, 'Piic, OL 
W'ork: What is Work; )>>' W. D. Scott 
Moncriclf, 2.5.5. 

AVorms, Organs of 'Poucli in, .307. 

/im* Rust, 17. 

Zodiacal Light, S::. 

Zoophytes, (.rowth of, 207, J15. 
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post free on application.) 

MISCELLANEOUS. 


By Robert J. Beadon, M.A., 
By the Veil. Archdeacon 


Uniform Imperial Postage. 

Oxon. 

Tbe Condition of the People. 

Sinclair, B.D. 

Shall we Know One Another in Heaven 7 By the Rt. 

Rev. J. C. Ryle, M.A., Bishop of laverpool. 

Reunion amons Christians. By the Kev. Kcgin»id Smith 
How to Solve the Irish Land Question. By H. O. Amuld- 

Kow Women may Earn a Livins. By Mercy Grogan. 
Cobden Club Pamphlets. (List on application,) 

Local and Central! :ed Government in Ireland. By 

W. F. Bailey. 

Imperial Federation. Report of the Conference. 
Appreciation of Gold. By William Fowler, LL.B. 


SHILLING STORY BOOKS. All Illustrated, doth gilt. 


Bunty aud the Boys. 

Tue Heir ot Elradalc. 

The Mystery at Shonoliff 
School. 

Claimed at Last, and Roy’s 
Reward. 

Thorns and Tangles. 

Tlie Cuokoo in the Robin’s 


Ntmt 

J ohn’s Mistake. 

The History of Five Little 
Pitchers who had very 
Large Ears. 


Diamonds in the Sand. 

Burly Bob. 

Tho Giant’s Cradle. 

Shag aud Doll, and other .Stories. 
Aunt Lucia’s Locket. 

Among the Redskins. 

The Ferryman ot Brill. 
Harry Maxwell. 

The Mogio Mirror. 

The Cost of Revenge. 

Clever Frank. 

A Banished Monarch. 
Seventeen Cats. 


‘’LITTLE FOLKS” PAINTING BOOKS. 

Each coiU.uiiing Outline lllusualious for Painting on nearly ev.-ry page. 
“Little Folks” New Paint- I ” Little Folks” Illuimnalmg 
ing Book. I Book. 

A Book ol Fruits and Blossoms for •* Little Folks ” to Paint. 


ILLUSTRATED BOOKS FOR THE LZTTTLE ONES. 

Containing interesting Stories, with F^uU*page Illustrationb. In hand- 
some Picture Iloariib. (Also cloth silt, is. 6d.) 


Hcrambles and Sorapes. 
Tittle Tattle Talea 
Wan del ing Ways. 

Dumb Friends. 

Up and Down the Garden. 
All Sorts of Adventures. 
»ome Farm Friends. 
Those Golden Sands. 




Oiir Sunday Stories. 

Our Holiday Hours. 
Indoors ana Out 
Little Mothers aud their 
Children. 

Our School day Hours. 
Creatures Tame. 

Onr Pretty Pets. 


THE LIBRARY OF WONDERS. 

Illustrated Gift Books for Boys. Crown 8vo, paper. (See also u. 6d.) 
Wonderful Adventures. — Wonders of Bodily Strength and 
Hkill.— Wonderful Escapes. 


EDUCATIONAL. 

Casseu’s Map Buuainsr Serioa, By H. O. Arnold-Forster. 
Per Set of la. 

Hand-and-Sye Training Cards for Class Use. By 

George Ricks, In g Set's. L.ith. 

Latin Primer, Tbe First. By Prof. Postgaie, M.A. 

Science Applied to Work. By J. A. Bower, illustrated. 
Science of Everyday Life. By J. A. Bower, illustrated. 

Reckoning, Anglo-American Art of. By C Frusher- 
Howard. (See also as. and 5s.) 
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CasBeU’s •< Modem School'' Test Oarda. Seven Sets of 

40 (.riids m Cnse. t.jcli. 

OaaaeU'B "Combination" Teat Carda. Six Sets of 36 

L.irds with Answers, in Packet. H.ich. 

*^®i?r****' ®^bdieB !&• In Thirteen Packets, each contnininir Six 
Mowers, hach IMrket. 

Complete Tot Book for all Public Examlnatlona. 
Hlatoryp The Simple Outlinea of. iiiustrateil. 

Spelling, MoreU'a Complete Manual of. 

Buc lidy Caaaell’a. First Six Books, with the nth and iiith of Euclid. 

Copiea, CaaaeU'a Modem School. First Grade 
rreeliand. {..also ^second iwrade, freehand, as.) 

Shakapere Reading Book. In 3 Books. Each. (M cloth, 3s 6d.) 

German Readingp Firat X.eaBona in. By A. jaffst. 

New Code of ResulaUona, Handbook of. {.Also at as.) 
C'aaaell’a Kiatorical Courae for Schoola. 

1. tituviea from Bixulwu History, is. 

2. The Simple Outline of Englieh History, is. 3d. 

3. The CloBB History of Euf^lanct. as. 6d. 

Carpentry Workahop Pmctice, Forty l.eaaonB In. 
Polytechnic Technical Scalea. Set of 10 in clotli case. (See 

also las 6(1.) ' 

Idbrary of the Poeta. in Two Vois. 
Half cloth. Each. (Arr as. od.) 

CASSEIX’S POPUUkR UBRARY. In cloth. Each. 
HiBto^ ot the Free Trade Movement in EuGrland.— Bobwell 
ond JolinBon.--Dome8tio Folk-lore.-Stor.v of the EnpliBh 
T Empire. — Religious Revolution 

in the Suctoonth Century. 

**''***»ARD UBRARV. Stiff covers. Each. 
Coningaby. (^See also as. 


Crown Oolonlea. (*• Cobden club " Pamphlet.) 

Eticiuette of Good Society. (Cloth, is, 6d.) 
Co-operatora. Working Men 1 What they have Donep 
and What they are Doiny. 

Photoyraphy for Amatoura. By T. C. llcpworth. Illustrated. 

KAiso tn cloth, od. » 

**My Diary." With Coloured Plates and 366 Woodcuts. 

ZUVSTRATED OFFICXAX. RAXX.WAY GRIDES. 

_ In Paper. (See also 

South Eastern —London, Brighton and South Coast.— London 
and South WoBtern.— Great Northern.— Midland.— London 
and North Western (Revised Pdition). —^xeeX Western 
(New and Revised Edition ). — Great Eastern. 

REUOZOUS. 

•HEART CHORDS." Bound in cloth, red edges. Each. 


Mary Barton. 

Tho Antiquary. 

N icholos NicJcloby. (a Vols. ) 
Jane Byre. 

Wuthermg Heights. 

The Prairie. 

Dombo.y and Son. (2 Vols.) 
Night and Morning. 
Kenilworth. 

IngoUsby Logenda. 

Tower 01 London. 

The Pioneer M. 

Charles O’Malley. 

Barnaby Rudge. 

Cakes and Ale. 

The King’s Own. 

People I nave Met. 

The Pathfinder. 

Evelina. 

Boott’s Poems. 

Last of tho Barons. 
Adventures ol Mr. Ledbury. 
Ivanhoe. 

Oliver Twist. 

Selections from Thomas 
Hood’s Works. 
Longfellow’s Prose Works. 
Sense and Sensibility. 

Lord Lytton’s Plays. 

Bret Harte — Talcs, I'ocms, &c. 
Martin Chuzalowit. (2 Vols.) 
The Prince of tho House of 
David. 


Sheridan’s Plays. 

Unole’s Tom’s Cabin. 

Eugene Aram. Tman. 

Jaok Hinton, the Guards- 
Rome and the Early Christ* 
fans. 

Thackeray’s Yellowplush 
Papers. 

Deeralayer. 

Washington Irving’s Sketch 
Rook. 

Last Days of Palmyra. 

Tales ofthe Borders. 

Pride and Prejudice. 

Lost of tho MoUioans. 

The Old Cariosity Shop. 
Rienzi. 

The Talisman. 

The Heart of Midlothian. 
The Lost Days of Pompeii. 
Sketches by Boz. 

Ameneaii Humour. 
Maoaulay’s Lays and 8e 
looted Essays. 

Harry Lorrequor. 

Tho Piokwick Papers (a Vols.) 
Scarlet Letter. 

Handy Andy. 

The Hour and the Man. 

Old Mortality. 

Edgar Allan Poe. (Prose and 
Poetry, Selections from.) 


Margaret Lyndsay. 

MZ8CEX.X.ANEOVS. 

Bom u XiBK* By Frances and Mary Arnold-Forster. Illustrated. 

ojjj^ymacoa. Letters of the Special Commissioner of the 

AU About the Rosral Naw. By W. Laird ciuwcs. Illustrated. 

Parliament with Hard Z.abour. By 

t.. W. Radchffe Cooke. M.P. Thtrd Edition. ^ 

A Minium Wapre. By Alfred Moms. A new Novel dealing 
with Piesent-Day Social Questions. ucaiuig 

ZKical Option in Norway, By Thomas M. Wilson. C.E. 
Znternatlonal Fishery Disputes. By T. 11. Haynes. 

TPoor, Report of the Mansion House 

< oun(.il, 1890. Illustrated. 

The Housins of the Poor. By F. H. Millington. 

Town Holdinys. 1890. Digest. Vol. lii. 

British Dilllcu&ties under Solution. By F. R, Ilungerford. 
Xn a Conning Tower. By H. o. Aruold-For.ster. illustrated. 

A Manu^ of Political Questions of the Day. By 
.Sydney JJuxton. M.P. Paper covers. (Also tn cloth, is. bd.) ^ 
MetropoUtan Year-Book, The. Paper. (Also tn doth. 2s.) 
Yule Tide I Cassell's Christmas Annual. 

Health of the. By E. B. Shuldham, M.D. 
Paper's Ghost, The True Story of. By Prof. Pepper. 

We Phy BTith?" or Gold, Credit, and Prices. By 
Sir 1 nomas Parrer, Bart. (Also in cloth, is. 6d.; ^ 

The Sugar Convention. By Sir Tiionnih Karrer, [Martiueau. 
Free Trade In Sugar. A Reply to Sir Thomas. Farrer, by George 

the Natlonsa 

Gallery. By Cosmo Monkhouse. Illustrated. 

lK>c^ Oovemment in England and German v. Bv the 

Kt. Hon. Sir Robert .Morier. G.C.B., &c, wormnny. uy me 

A??/* * After. By A. K. Connell, 

A (Also tn cloth, ss. 6d.) 

How to Avoid Daw. By A. J. Williams. Cheap Edition. 

How to Select Spectacles. By Dr. C. BeU Taylor. 

■‘“•‘•“t *“ «»•. By the 

^*’*’®tical Kennel Guide. By Dr. Gordon Stables. 

Cookery, Cassell's ShllUns. 

Choice Dishes at SmaU Cost. By A. G. Payne. 

Poor RoUef in Foreign Countries. 

OremaUon and Urn Burial. By w. Robinson, illustrated. 
Female Employment in Government Ofllces,Guide to. 

Them, and Why we 

Keep Them. By Prof. Cyril Ransome, M. A. Oxon. 


^ . CASSEZ.X.'S ••JAPANESE" Z.XBRARY, 

Consisting ot 12 Pmmlar Works bound in Japanese style. Each. (Net.) 
Han<^ Andy.— Oliver Twist.— Ivanhoe.— Ingoldslxy Legends. 
“The Last of tho Mob loans.- The Last Days 01 Pompeii.— 
The Yellowplush Papors.— The liust Dayi'' of Palmyra.— 
J^k Hiutou, tho Guardsman.— Selcoti one from Hood's 
W orks. — A merican Humour.— Tower of London. 


School Rosristers, Cassell's. I. Attendance Rcgi.ster, is. 4 d. 
2. Admi ssion Regi ster, los. 3. Summary Rejpstor, los. 


University Extension 1 Past, Present, and Future. 

By Professor 11 . J. Maukuider, and M. E. Sadler, M.A. ^Vitli M.ips 
and Plans. 

VeKetarian Cookery. A Manual of Cheap and Wholesome 
Diet. By A. (i. Payne. 

The Treatment of Typhoid Fever. By j. Bumpy Yeu, 
M D . I'.R C.P. 

Cassell's New Poetry Readers. Illustrated. 12 Books in 

Oiic Vol., cloth. (See also id. ) 

Guido to Employment for Boys. By W. S. Beard, F'.R.G.S. 
Enyineerins Workshop Practice, Forty I.es8ons in. 
Elementary Chemistry for Science Scho«*i« and 
Classes. 

Twilight of XJfe, The. Words of Counsel atnd Con • 

fon for the Aged. By John Encrlon, M.A. 

German of To-day. By Dr. lleinem.imi. 

Laws of Every-Day x.ife. By H. O. Arnold-Forstor. Cloth. 
Citizen Reader. By II. O. Amold-Forstcr. (Also Presentation 
Edition on thick paper, 35. 6d. ) 

Round the Empire. (Uniform with the "Citizen Reader .”) By 
G R. Parkin. Fully illustrated. 

The Makiny of the Home. By Mrs. S. A. Barnett. 

Reader# The Temperance. By Rev. J. Dennis Hird. Cr. 8vo. 

Marlborough Arithmetic Rules. 

liittle Folks' History of England. By Isa Craig-Knox. 

With 30 Illustrations. Cloth. 

French, Key to Cassell's X.esson8 in. Cloth. 

Khiva, Burnaby's Xtide to. Cloth. 

Experimental Geometry, First Elements of. By Paul 
Bert. I llusirateu. 

Principles of Perspective as Applied to Model 
Drawinir and Sketching from Nature, The. By 

George 1 ndiridgc. (Cloth, ss. 6d.) 

Energy and Motion 1 A Text Book of Elementary 
Mechanics. By w. p.iicc, M.A. 

Etiquette of Good Society. Cloth, (in stiff cervers, is.) 
Nursing for the Home sind for the Hospital, A 
Handbook of. By C. J. Wood. (Also in doth, 2s. ) 

GIFT BOOKS FOR YOUNG PEOPLE. 

By PoiuiUr Authors. With Illustrations m each. Cloth gilt. 


The Boy Hnnt.er» of Ken- 
tU(3l^. By F.dward S. Ellis. 
Rod Feather : a Tale of the 
American Frontier. By 
Edw.ird S. Ellis. f Symington. 
Seeking a City. By Maggie 
Rhoda’s Reward; or ’* If 
Wishes were Horses.’* 
Prank’s Life-Battle; or. The 
Three Prleuds. 

Jaok Marsioii’s Anchor. 
Fritters; or,” It’s a LongLsne 
that has no Turning.’’^ 
Major Monk’s Motto ; or, 
•• Look before you Leap.” 
Ursula’s Stumbling Blook; 
or, "Pride comes before a 
Pan.” 


Ruth’s Life Work; or, "No 
Pains, no Gains.” 

Rags and Rainbows : a Story 
of Thanksgiving. 

Uncle Wilham’s Charge ; or. 
The Broken Trust. 

Pretty Pink’s Purpose ; or. 
The Little Street Mer- 
chants. 

Trixy; or, “Those who Live 
in Glass Houses shouldn't 
Throw Stones.” 

The Two Hardcastles; or, 
“A Friend in Need is a 
Friend Indeed.” 

Tim Thomson’s Trial ; or, 
" All is not Gold that 
Glitters.” 


EXOKTEENPENNY STORY B001C8. 

Ail Illu!,lrdtfd throughout, and bound in cloth gilt. 


Wee Willie Winkle. 

Ups and Downs of a Don* 

Key’s Lite. 

Three Wee Ulster Lassies. 

Up the Ladder. 

Faith’s Father. 

By Land and Sea. 

The Young Berringtons. 

Tom Morris’s Error. 

Worth More than Gold. 

Jeff and Leff. fPire. 

Through Flood — Through 

The Library of Wonders. Illustrited Gift Books for Boys. 
Crown 8vo, cloth. (For List 0/ Vols., see is.) 


Girl with the Golden Looks. 
The Chip Boy; and other 
Stories. 

Roses from Thoms. 

Baggies, Baggies, and the 
Emperor. 

Stones of the Olden Time. 
Dick’s Hero ; and ocher 
Stories. 

The Old Fairy Tales. With 
Original Illustrations. Cloth. 
(Also in boards, is.) 


My WorK for Gou. 

My Object in Life. 

My Aspirations. 

My Emotional Life. 

My Body. 

My Growth In Divine Life. 

_ My Soul. 

Hid Treasure! By Richard Harris Hill. 

History of Holy Trinity, Minories. 

Kinns. 

Sent Back by the Anyels, and other Ballads. By ihe 

Rev. F. Lai^bridgp, M.A. 

Shortened Church Services and Ksrmns. Compiled by 

Lev. T. IVignmoiith .Shore, M.A. 

My Co mfort in Sorrow. By Hugh Macmillan, D.D. 


My Hereafter. 

My WalK with God. 

My Aids to the Divine Life. 
My Sources of Strength. 
My Father. 

My Bible. 


By the Rev. Dr. S. 
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Physlolonr for Schools. By Alfred T. Schnfield. M.T).. 
M.R.C.S,, &c. lUustrated. Cloth. Also in Three Parts, paper 
covers, 5d. each ; or cloth limp, 6d. each. 


EDUCATIONAIm 

Object liossons from Nature, for the Use of Schools. By Prof. 
JU C. Miall. Illustr.ited. In half cloth, p.aper boards. (Also tn cloth 
boards, 6^.) ^ 

ReckonInKp Anslo- American Art of. By C. Fi usher- 
Howard. ( 'see also ig. and ^s. ) 

Historical Cartoons, Cassell’s Coloured. (Size 45 m. 

X35in.i Six. Each. (See a/ so lA. and ^ , 

Klffher Class Readers, CasseU’s. illustrated. Cloth. Each. 
(Also cloth gilt, C>d.) 

Practical Solid Oeometry, A Manual of. By William 

Cordon Ross, Major R.E. 

Applied Mechanics. By Sir R. Stawcll Ball. LL.D. 

Idnear Drawing. By £. A. Davidson. 

Orthographic and Isometrical Projection. 

Building Construction, The Elements of. 
Systematic Drawins and Shading. By Charles Ryan. 
Jones’s Book-keepinff. By Theodore Jonos. For Schools, as. ; 
for the Million, as. (Also tn cloth, 3s.) Ruled Tlouks, as. 

History of England for Elementary Schools. Illus- 
trated. ( \ee also lod. and ts.) 

Reading Sheets, Modem. 3 Series. Each. (Also on linen, •mith 
rollers, 5s. each.) 

Drawing Copies, Freehand, Cassell’s Modem School. 

Scconcl Grade. 34 Examples printed on Card. 

MZSCEUANEOUS. 

Naval War, The East Great • In One Volume, small 4to. 

with Maps and Plans. 

How Dante Climbed the Mountain. By R.F.Selfe. Illustrated. 
Health, The Influence of Clothine on. Bv F. Treves. 

Surfjeon to, and LecturtT on An.Uomy at, tliu London Hospital. 

Police Code, and Manual of the Criminal Eaw. Bv 

C. E. Howard Vincent, M.l*. Cheap and Revised JiUttum. Abridged, 

O. MANVZEEE PENN’S NOVELS. 

Cheap Edition. In paper boards, 3S. each ; also cloth bo<irds, ss. 6d. each. 


Dutch the Diver; or, A Man’a 
Mistake. (In paper boards 
only.) 

Poverty Comer. 


The Parson o* Dnmford. (In 
paper boards only.) 

My Patients. Being the Notes 
of a Navy Surgeon. 


CASSELL’S RAZLWAT LIBRARY. Crown 8vo, paper. 


The Astonishing History of 
Troy Town. By y. 

The Admirable Dady Biddy 
Fane By Frank Barrett. 
Commodore Junk. By G. Man- 
ville Fenn, 

St. Cuthbert’s Tower. By 
Florence W.irden. 

The Man with a Thumb. By 
W. C. Hudson (Barclay Nortli). 
By Eight Not Daw. By R, 
.Sherard. 

With n Sound of the Weir. 

By Thomas St K. Hake. 

The Coombs borrow Mystery. 

Bv James C tUvall. 

Under a Strange Mask. By 
Frank Barrett. 

A Queer Baoe. By W. iV estall. 
Dead Man's Book. By (}. 
Captain Tr.afalgar. By Westall 
and Laune. 

The Phantom City. By W. 
Westall. 

The Great Bank Bobbi 


Jack Gordon, Knight Errant. 
By W. C. HuiUon (^Barclay 
North). 

A Tra^o Mystery. By Julian 
Hawthorne. 

The Diamond Button: Whoso 
was ItP By W. C. Hudson 
(Barclay North). 

Another’s Crime. By Julian 
Hawthorne. 

The Tragedy of Brlnkwator. 
By Martha Moodey. 

Who is John Noman P By 
Charles Henry Beckett. 

An American Penman. By 
Julian Hawthorne. 

Section 658; or. The Fatal 
Letter. By Julian Hawthorne. 

The Brown Stone Boy. By 
W. H, Bisliop. 
r'ry. By Julian Hawthorne. 


Cassell’s Book of In-door Amusements, Card 
Games, and Fireside Fun. illustrated. 

John Orlebar, cik. By the Author of “ CuliTishtre Folk.” j 

People I’ve Smiled With, By Marshall P. Wilder. I 

Cassell’s Standard Library. Cloth. Each. (P'or List qf 
Volumes, see is ) 

Illustrated Offleia? Railway Guides, la Cloth. (For List, 

see IS, Fdition. in puP' covers, pa<^e 2 ( 

** Little Folks ” Provn..rb Paintiny Book. 


< GOLDEN MOTTOES” SERIES. 

Each Book containing soB pages, with Four lull-page Original lllustra- 
— , Crown avo, cloth gilt. 


Nil Desperandum.” By the 
Rev. F. Langbridge, M.A. 

“ Boar and Forbear.” By 
Sarah Pitt. 

“He Conquers who Endures.” 
By the Author of " May Cunning- 
ham’s Trial," &c. 


‘ Honour Is my Guide.” By 
Jeaiiie Ilering (Mrs. Adams- 
Acton). 

** Aim at the Sure End.” By 
Emily Searchfield. 

** Foremost if I Can.” By 
Helen Attcridge. 


TWO-SHILLING STORY BOOKS. 

All Illustrated throughout, and containing Stories for \oung People. 
Crown 8vo, handsomely bound in cloth gilt. 


The Top of the Ladder : How 
to B.eaoh it. 

Stories of the Tower. 

Mr. Burke's Nieces. 

May Cunningham’s TrlaL 
Foggy, and other Tales. 

” Little Folks” Sunda.v Book. 
The Children of the Court. 
Four Oats of the Tippertons. 
Marion’s Two Homes. 


Little Flotsam. 

Madge and her Friends. 
Through Peril to Fortune. 
Aunt Tabitiia’s Waifs. 

In Misohiof Again. 

Two Fourpenny Bits. 

Poor Nelly. 

Tom Heriot. 

Maid Marjory. 

School Girls. 


CASSELL’S MINIATURE LIBRARY OF THE 
POETS. 

In Two Volumes, cloth, gilt edges, in Paper Box, per set. (See also is.) 


Milton - - 3 Vols. 

Wordsworth - a Vols, 
Longfellow - 3 Vols. 
Sootr - - - 3 Vols 

Hood - - - 3 Vols. 

Shakeapeare'ft Plays. 
Lyceum, in paper box. 


Burns - a Vols. 

Byron • - 3 Vols. 

Sheridan and! , 
Goldsmith/ 

The Seven Plays produced a* the 


THE CROSS AND CROWN” SERIES. 

With Four Illustrations m each Book, printed on a 1 iiit. 

By Fire and Sword: A Story 
of the Huguenots. 

Adam Hepburn’s Vow. 

No. XIII.: or, the Story of 
the Lost Vestal.. 


In Letters of Flame. 
Through Trial to Triumph. 
Heroes of the Indian em- 
pire. 

Strong to Suffer. 


THE ^‘DEERFOOT” SERIES. 

By Edward S. F.lhs. With FuU-pago Illustrations in each. 

The Hunters of the Ozark. j ‘i’ho Camp in the Mountains. 
The Last War Trail. 

<BOY PIONEER” SERIES. 

By Edward S. Ellis. With l*ull-i).ige Illustrations in each. 

Ned in the Woods. I Ned on the River. 

Ned in the Block House: A Story of Pioneer Life in Kentucky. 

THE <<LOG CABIN” SERIES. 

By Edward S. Ellis. With Fulljwge Illustrations in each. 

The Lost Trail. | Camp-Fire and Wigwam. 

Foot-prints in the Forest. 

the << great RIVER” SERIES. 

By Edward S. Ellis. Illustrated. 

Down the MissisHlppi. | Lost in the Wilds. 

Up the Tapajos; or. Adventures In BrozlL 

THE WORLD IN PICTURES. 

Handsomely Illustrated, and elegantly bound. 


A Ramble Round France. 
All the RuBsias. 

Chats about Germany, 

The Eastern Wonderland. 
Peeps into Cliina. 


The Laud ot the Pyramids 
(Egypt). 

Glimpses of South America. 
Round Africa. 

The Laud of Temples. 

The Isles of the Pacino. 


HALF-CROWN GIFT BOOKS. 

Illustrated. Crown Uvo, cloth gilt. 


Pen’s Perplexities. 
Margaret’s Enemy. 

Golden Days. 

Notable Shipwrecks. 
Wonders ot Common Things. 


Truth will Out. 


Little Hinges. 

Soldier and Patriot. 

The Young Man in the Battle 
of Life. 

The True Glory of Woman. 


POPULAR VOLUMES FOR YOUNG PEOPLE. 

The Mstrvelloun Budy at 1 being 66,636 Stories of J ack and 
JUi. By the Rev F. Bennett. Illustrated. 

Schoolroom and Home Thesttrlestbi. By Arthur Waugh. 
With Illustrations by H, J. A. Miles. 

Wild Adventures in Wild Places. By Dr. Gordon Stables. 
k.N. llhistr.iUsd. 

Pictures of School Life and Boyhood. Selected from the 
best Authors. Edited by Percy Pitzgerald, M.A. 

Perils Afloat and Briyands Ashore. By Alfred Elwes. 
Freedom’s Sword 1 A Story of the Days of Wallace 
and Bruce. By Annie S. Swan. 

Modem Explorers. By T Frost. Illustrated. 

Decisive Events In History. By Tliomas Archer. Illustrated. 
The True Robinson Crusoes. Cloth gilt. 

Early Explorers. By 'l hom.is Prost. Illustrated. 

Home Chat with our Youny Folks, illustrated throughout. 
Junyle, Peak, and Plain, illustrated tliroughout. 

The World's Lumber Room. By Selin.a Gayc. 

Heroes of Every-day Life. By Laura Lane. Illustrated. 
Short Studies from Nature, illustrated. 

Rambles Round London. 

Around and About Old Enyland. 

For Queen and Xiny. 

Esther West. 

Three Homes. 

Workiny to Win. 

Paws and Claws. 


G. Man ville Fenn’s Novels. (As per List a/ ss. ; also The 
Vicar's People.) 


EDUCATIONAL. 

Ayriculture Series, Cassell’s. Edited by John Wriglitson, 

Professor of Agriculture, bully llliistraletl. 

Farm Crops. By Professor Wrightsnn. 

Soils and Manures. By J. M. H. Munro, D.Sc. (Loud.), 
b-l.L., b.C.S. 

Cassell’s Classical Texts for Schools, from 3S. 6d. to 4^ 

(A list po^t free on application.) 

Sculpture, A Primer of. By F. R. Mullins. 

Numerical Examples In Practical Mechanics and 
Machine Desiyn. By R. O. BUme, M.E. With Di.igrams. 
Cloth. 


Latin Primer (The New). By Prof. J. P. Postgate. 19.’ pages, 
crown 8v'0. 

Latin Prose for Lower Forms. By M. A. B.iyfield, M.A. 
Chemistry, The Public School. By J. H. Anderson. M.A. 
Oil Paintiny, A Manual of. By the lion. John Collier. Cloth. 

French Reader, CasseU’s PubUc School. By Gniiiauiae 

French Grammar, Marlborouyh. Arranged and Compiled 
by Rev. J. Bright. M.A. (See " hxen he\," 3s. 6d.) 

Alyebra, Manual of. By Galbraith and llaughton. Part 1. 

Cloth. (Complete, 7s. 6d.) 

Optics, By Galbraith and Hanghton. 

Euclid. Books I., II., III. By Galbraith and llaughton. 

Books IV., V., VI. By Galbraith and Hanghton. 

Plane Trlyonometry. By Galbraith and llaughton. Cloth. 
French, Cassell’s Lessons in. Farts I. and ll. Cloth, each. 
(Complete, 4s. 6d.) 

Model Joint” Wall Sheets, for Instruction in Manual 
Trainin . By h. Barter, bight Slicnis. Each. 

Natural History Wall Sheets (Cassell’s). Ten Subjects. 
Separate Sheets, as. 6d. eaclu Unmounted, as. each. (i>ee also aos. 
and ass.) 
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M1SCSI.I.ANKOOB. 

Oeometrieal Drawinir ior Army Candidates. By II. T. 

Lillfy, M.A Neto and hnlar^ed hatlton. 

Bllsaboth Gilbert and her Work for the Blind. By 

Fraii'-es Martin. 

Father Mathew i Kla Ufe and Times. By F. J. Mathew. 

n Ctraiici-nophcw. 

Public Idbraries. 13 v Thomas Crrenwood, F.R.G.S. Nev/ 
and hntur^ed Jlditton. Illustrated. 

Colonist’s Medical Handbook, The. By E. A. Barton. 
M.R.L.S. 

The Verdict. A Tract on the Political Sijjnificance of the ReiM>rt of 
the Parnell Commission. By A. V. Dicey, y.C. 

Hosral Academy Antics. By Harry Furniss. With upwards 
of6o Illustrations by the Author. 

Nursinir of Sick Children, A Handbook for the. By 

CatlierincJ. Wood. 

Brownins, An Introduction to the Study of. By 

Arthur Symons. 

The England of Shakespeare. By £. Goadby. illustrated. 
John Parmelee’S Curse. By Julian Hawthorne. 

At the South Pole. By W. H. (j. Kinfifston. Illustrated. 

Ships, Sailors, and the Sea. By R. J. ComcwalUjones. 
niubtratcd. Lheap Editxon. 

Famous Sailors of Former Times, illustrated. 

Unicode. The Universal Telegraphic Phrase Book. Desk and Pocket 
Editions. Each. 

What CHrls Can Do. By Phyllis Browne. 

DoSf The. By Idstone. With Twelve full-pagt' Illustrations. 

Bo-Peep. A Treasury for the Xdttle Ones, {^ee .^s. 6d.) 
The Pilyrim's Proyress. 

Commentary on Numbers. {Lite also 3$. and 3s. 6d.) 

Commentary on Deuteronomy, also 3s. and 3s. 6d,) 
Commentary on Romans. [See also 3s. and 3s. cd.) 

New Testament, An Introduction to the. 


TECHNXCAl. MANUAX.S (Illustrated). 
The Elements of Fraotioal 
Perspective. 

Model Drawing. 

Drawing for Sionemasona. 


Gothic Stonework. 


Drawing for Cabinetmakers. 
Drawing for Bricklayers. 
Drawing for Metal - Plate 
Workers. 


Cassell’s New Coloured Natural History Wall 

Sheets. Consisting of lU Subjects. Size— 39 by 31 m. Mounted 
on rollers and varm.shed, ]<.ach. 

How to Shade from Models, Common Objects, and 
Oasts of Ornament, a I’racticul Manual. By W. E. Sparkes. 
Practical Plane and Solid Geometry, includiny 
Graphic Arithmetic. Vol. ]., ElemeutHry Stage. 
Elementary Flower Paintiny. With Eight Coloured Plates 
and Wood Engravings 

Sepia Paintiny, A Course of. Two Vols. Each. kAIso in one 
yoi„ 5S.) 

Blarlborouyh Arithmetic Examples. 

Tides and Tidal Currents. By Galbraith and Haughton. 


SCHOOI. COMMENTARIES. Edited by Bishop Elhcott. 


GenoBiB. <3$. 6d.) 

SzoduB. (3S.t 
Devitious. (3&.) 

Numbers, (as 6d ^ 
Deuteronomy, (as. 6d.) 

St. Matthew. (3s. 6d.) 

St. Mark. (3s.) 

St. Duke. (3s,6d.) 

St. John. (3s 6d.) 

The Acts oi the AposUes. 
(3s. 6d.) 


Homans, (as. 6d.) 

Corinthians I. and II. (3s.) 
Galatians, Sphenians, and 
Fhilippians. (3s ) 
Oolossians, Thebsaloniaas, 
and Timothy. (3s.) 

Titus, Philemon, Hebrews, 
and James. (3s-) 

Pete:^ Jude, and John. (3s.) 
The Bevelation. (3s.) 

An Introduction to the New 
Testament, (as. 6d.) 


THE WORM’S WORKERS. 

New and Original Volumes by Popular Authors. With Portraits. In 
Six Vols., each containing 3 worics. Cloth, gilt edges. Each Vol. 
Each work can also be had separately. [See is.) 

Biblewemen and Nurses. Yearly Volume. 


EDUCATTIONAX.. 

Practical Mechanics. By Prof. Perry, M.E. 

Outtiny Tools Worked by Hcmd and Machine. By 

Prof Smith. 

This World of Ours. By H. O. Arnold-Forster. Being Intro. 

ductory J.assons 10 the Study of Geography. 

Cassell’s Popular Atlas. Containing 34 Coloured Maps. 

Commercial Botany of the Nineteenth Century. By 

J. K. Jackson, A. L.S. 

Miniature Oyclopasdla, Oassell’a Containing 30.000 Subjects. 

Cloth, (./flso in hdlj roxburgh, 4s. 6d.) 

Colour. By Prof. A. H. Church. Neiv and Enlarged Edition. 
Enylish Uterature, The Story of. By Anna Buckland. 
Guide to Employment in the Civil Service. Ciotiu 
German Grammar. The Marlborouyh. Compiled and 
Arranged by the Rev. J. F. Bright, M.A. Cloth. 

French Exercises, Marlborouyh. By the Rev. G. W. De 
Elsie, M.A., French Master in Marlboruugh College. 

Kandrailiny and Staircastny. By Frank O. CresswelL 
HydrOStatica By Galbraith and Haughton. Cloth. 

Steam Enyine. By Galbraith and Haughton. Cloth. 
Mathematical Tables. By Galbraith and Haughton. 
Mechanics. By Galbraith and Haughton. Clutlu 
Xdnear Drawiny and Projection. Two Vols. in One. 
German Dictionary, Cassell’s NEW. in Two Parts. 
Geriuan-English and hngli Ji-Gcrman. Clotli. 


French-Enylish and Enylish-French Dictionary. R*' 

vised Editxon, with 3,000 new wonls. Clotk [Also in superior 
binding, with leather backs, 4s. 6d.) 

Xrfltln-Enylish Dictionary. Thoroughly Revised by J. K V. 

Marchant, M.A. 

Phrase and Fable, Dictionary of. By Rev. E. C. Brewer. 

LL.D, Twentieth Edition, Enlarged. (iTzr a/.r^ 4s. 6d.) 

Drawiny for Cavpenters and Joiners. By E. A. 
Davidson. With 253 Engravings. 

Natural Philosophy. By Prof. Haughton. 

Alphabet, CasseU’s Pictorial, and Object X.esson 
Sheet for Infant Schools. 

THE FXGUXER SERIES. 

Cheap Editions. Illustrated throughout. 

The Human Raop. I The World before the Deluge 

The Ooean World. I Mammalia 

The Enylish School of Paintiny. By Ernest Chesneau. 

I Introduction by Prof. Ruskin. Cheap haition. 

I Bucklnyhamshlre Sketches. By £. S. Rotcoe. With Ulus- 

I trationb by H. R. Bloomer. Cloth. 

Verses Grave and Gay. By Miss Ellen Thomeycroft Fowler. 
Cloth, lettered. 

Italy from the Fall of Napoleon X. In 1815 to 1800. 

ByJ. W. Probyn. Pi ew and Cheaper Edition. 

Heroes of Britain In Peace and War. cheap Edition. 

Two Vols. With 300 Illustrations. Each. 

Disraeli, Benjamin, The Rt. Hon. Earl of Beacons- 
fleld, K.G., Personal Reminiscences of. By Henry 
Eako. With 'I wo Portraits, &c., crown 8vo. 

Ufe of Nelson. By Robert Southey. Illustrated. 

The Anylomaniacs. By Mrs. Burton Harrison. 

Flower de Hundred. By Mrs. Burton Harrison. 

The tew of Musical and Dramatic Copyrlyht. New 

Edition. 

Aubrey de Vere’s Poems. A Selection. Edited by John Dennis 
Gas, The Art of Oookiny by. By Marie Jenny Sugg. Illustrated. 
Marriaye Riny, The. a C.ift Book for the Newly Married and 
for those Conteiiipl.iliug Marriage. By William Eandels, D. D. 

Xiectures on Christianity and Socialism. By the Right 
Rev. Allred B.irry, D. 1 > 

Shakspere, The X«eopold. With about 400 Illustrations. 
Cloth. [Also at 5s. and 7s. 6d.) 

The Eye, Ear, and Throat. By H. Power, F.R.C.S. ; G. P. 

Field; anUJ. b. Biislowc, l•.R,S. 

Vicar of WakeAeld, The, and other Works by Goldsmith. 

I llustrated. fA Iso in cloth ,piit edx^cs, ss. ) 

Gulliver’s Travels. Chext> Edition. With Eighty*eight Engrav- 
ings by Morten. Crown 4to, cloth. [Also in cloth, gilt eaxes, ^s.) 
Culmshire Folk. By the Author of •• John Orlebnr, * &c. 

Civil Service, Guide to Employment in the. 

Steam Enyine, The Theory and Action of the. For 
PRACTICAI. Mkn. By W. H. Northcott, C.E. 

On the Equator. By H. Dc W. Illustrated. 

A Vear’S Cookery. By Phyllis Browne. New and Enlarged F.diHon. 

Sports and Pastimes, CasseU’s Complete Book of. 

Cheap Edition. Witli over 900 Illustrations. Cloth. 

Poultry -Keeper, The Practical. By Lewis Wright. With 
Numerous Woodcuts. 

Piyeon Keeper, The Practical. By Lewis Wright. 

Rabbit Keeper, The Practical. By Cuniculus. 

Bunyan’s Pilyxlm’s Proyress, CasseU’s. illustrated. 

cloth. K.See also 5s. and 7s. 6d.) 

AMERICAN LIBRARY OF FICTION. 

Crown 8vo, cloth. 

•* 89 .*’ By Edgar Henry. 

EArmel the Scout. By Sylvanus Cobb, Junr. 

THE TREASURE ISLAND” SERIES. 

CHEAP ILLUSTRATED EDITIONS. 

The Master of Ballantrae. By R. L. Stevenson. 
<*Kl<lnapped.” By R. L. Stevenson. 

The Black Arrow. A Tale of the Two Roses. By R. L. Steven- 
son. 

Treasure Island. By R^ L. Stevenson. 

The Splendid Spur. By Q, Author of “Dead Man’s Rock,' Sic. 

Kiny Solomon’s Mines. By H. Rider Haggard. 


TKREE-AND-BIKPENNV SERIES OF STANDARD 
TALES FOR FAMILY READING. 

All Illustrated and bound in cloth gilt. Crown 8vo. 

Peggy Oglivie’s Xnberitanoe. 1 Kril<^ and Mb Fables. By 
The Family Honour. W. R. S. Ralston, M.A. 

Fairy Tales. By Prof. Morley. I 


BOOKS FOR YOUNG PEOPLE. 

Pleasant Work for Busy Finyers | or, Kiuderyarten 
at Home. By Maggie Browne, lllustrateu. 

Wanted-a Kinyi or. How Merle set the Nursery 
Rhymes to Riyhts. New Fany Story. By Maggie* Brown . 
With Original Designs by Harry Furniss. 
Oreat-Grandmamma and Elsie. By Georgina M. Synge. 
Illustrated. 


Robin’s Ride. By ElUnor Davenport Adams. 

Little Mother Bunch. By Mrs. Molesworth. Illustrated. 
JEsop’S Fables. Cheap Edition. Cloth. [Also in cloth, levelled 
boards, giU edges, 5s.) 

Rhymes for the Youny Folk. By William Alllngliam. Boards. 
The Chit-Chat Album. Illustrated throughout. 

Picture Album of A” Sorts. With FuU-page Illustrations. 

My Own Album of Animals. 

AlbunL for Home, School, and Play. ConUlning numerous 
Stories by popular Authors. 
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Cassell’s Pictorial Scrap Boole, in Six Sectional Volumes. 

]inpt'r boards, cloth back. ILacli Vnl, (.Also in one Vol., 15s. or 21s.) 
Bo-Peep. A Treasury for the Uttla Ones. Illustrated 

throughout. Cloth t;ilt. a/ir> qs. 6d.) 

Robinson Crusoe* Cassell’s. Profusely Illustrated. Cloth 

1 AUo in cloth, hc 7 'ei'le,i boards, \;ilr edi;es, 5s.) 

Swiss Fiunlly Roblnon. Cassell’s, illustrated. Cloth. 

(Also in cloth^ bevelled hoards, f;^lt rd/;es, 5s.) 
liittle Fellcs (Enlarged Series). Half-Yearly Vols. With 
Pictuff^s on nearly every pag-e, togrtlier wjth tivo^EulI-paffe Plates 
printed in Colours, and Pour Tinted Phites. Coloured boards. 
(See also 5s.) 

POPUlrAR BOOKS FOR YOUNG PBOP1.E. 

Crown 8vo, with Eight EuU-page Illustrations. Cloth gilt. 

A Sweet Girl Graduate. Dy E. T. Meade. lUustratcd. 

The White House at Inch Gow. By Mrs. Pitt, illustrated. 
The Kind’s Command 1 A Story for Girls. By Maggie 
Syiniiigton. Illustrated. Cheap Edition. 
laOSt in Samoa, a Tale of Adventure in the Navigator Islands. 

By E. S, Ellis. With Eight Original Illustrations. 

Tad I ovm ** Getting Even ” with Kim. By E. S. Elhs. With 
Eight Original Illustrations. 

Polly I A New-fashioned Girl. By L. T. Meade, illustrated. 
77 he Cost of a Mistalce. By Sarah Pitt. Illustrated. 

A World of Girls I A Story of a School. By E. T. Meade, 
laost amonff White Africans 1 A Boy’s Adventures 
on the Upper Coni^o. By David Ker. 

On Board the "Esmeralda ” | or, Martin Z.eiffh’s 1.01:. 

By John C. Hutcheson. With Eull-pagr Tinted lllustratimis. 

For Queen and Xine; or, the Eoyal ’Prentice. By 
Henry Frith. With Full-page Tinted Illu-stratioiis. 

In Quest of Ck>ld. By Alfred St. Johnston, lllustr.tted. 

The Palace Beautiful. A Story for Girls. By E. T. Meade. 
For Fortune and Glory. A Story of the Soudan War. By 
Lewis Hough. 

** Follow my Eeader ’’ | or. The Boys of Templeton. 

By I'albot Baines Reed. 

Cassell’s Classical Tejcts for Schools, from 2s. 6 1. to 4s. 

( A list Post free on appluation . ) 

Mechanics for Youny Befifinners, A First Book of. 

With tiumeraus Easy Examples and Answers. By the Kev. J. G. 
Easton, M.A. 

Watch and Clock Making. By D. Glasgow, Vicc-Pre.sideiu of 
the British Horological lu.stilute. 

Deslini in Teactile Fabrics. By T. R. Ashenhurst. With 
Coloured and numerous other Illustrations. 

Spinning Woollen and Worsted. By w. s. B. McLaren, M.P. 
Phrase and Fable, Dictionary of. New and Enlarged 
hditioH. By the Rev. Dr. Brewer. Superior binding. (See also js. 6d.) 
French, Cassell’s Eessons in. Neev and Revised Edition. 

Complete in One Vol. also es. 6d.) 

Drawing; for Machinists and Engrlneers. By Ellis 
A. Davidson. With over 200 Illustrations. 

ROMANCE AND ADVENTURE. 
Treasure Island. By R. L. Stevenson. Illustrated. 

Splendid Spur, The. By Q. 

Master of Ballantrae, The. By Robert Louis Stevenson. 
Lady Biddy Fane, The Admirable. By Frank Barrett. 
The Secret of the Z.amas. A Tale of Tliibet. 

Commodore Junk. By G. Manville Fcnn. 

A Queer Race. By w. Westall. 1 

Phantom City, The. By w. WestalL ] 

ZX. 1 .USTRATED BOOKS FOR YOUNG PEOPEE. 
London Street Arabs. By Mrs. H. M. Stanley (Dorothy 
Tennant). 

MaffiC at Home. By Prof. Hofliiian. Fully Illustrated. 

Flora’s Feast. A Masque of Flowers. By Walter Crane. With 
40 pages m Colours. 

Lefirends for Uonel. With Coloured Illustrations by Walter Crane. 
**Come, yo Children.” By Rev. Benjamin Waugh. Illustrated. 

The Tales of the Sixtp Mandarins. By p. v. Ramaswami 
Raju. 

Under Bayard’s Banner. By Henry Frith, illustrated. 

The Romance of Invention. By James Burnley. 

Channplon of Odin. The t or. Viking Zdfe in the Days 
of Old. ByJ. I'rcib LTick Hodgelts. Witli Tinted Illustrations. 

Bound by a Spell | or. The Hunted Witch of the 
Forest. By the Hon. Mrs. Greene. With Tinted Illustrations. 
The History Scrap Book. With nearly 1,000 Eng.avings 
(A/so tn cloth eilt, silt edi’es, 75. 6tl.) 

The Sunday Scrap Book. Being Scrlnturc Storie.s in Pictures. 

With about z,ooo Illustrations. (Also in cloth, giltedg;es, 75. 6d.) 
Little Folks. Half-Yearly Vols. New and Enlarged Sertes. With 
Pictures on nearly every page, together with Two Full-page Pl.ites 
printed in Colours, and Pour Tinted Plates. Cloth gilt, gilt edges, 

( "see also 3s. 6d.) 

EDUCATIONAL. 

Howard’s Anylo-Amerlcan Art of Reckoning. By 

C. P rusher Howard. New Edition, Enlarged. (See also is. and 29. ) 

Storehouse of General Information, Cassell’s. Fully 
Illustrated. In Vols. Itach. 

Gaudeamus. Songs for Colleges and Schools. Edited by John 
Parmer. (The words only, in paper covers, 6d. ; cloth, gil.) Can also 
be obtained in sheets contaiiim,; two Songs (words and n.usic) in 
quantities of one doxen and upwards, at id. per sheet. 

Historical Cartoons, Cassell’s Coloured. Six. Mounted 
on canvas and varnished, with rollers. Each. (See also id. and as.) 

Dyeinff of Teactile Fabrics, The. By Prof. HununeL 


Steel and Iron. By Prof. W. H. GrtMuiwood, F.C.S., &c. 

Marine Palntiny. By Waltei W. May, R.I. with Sixteen 
coloured I’l.iics 

Animal Paintinsr in Water - Colours. Wuh Eighteen 

Coloured Pl.iles by Frederick 'I ayler. 

Tree Painting in Water-Colours. By W. H. j. Boot. With 
P.ighteen Coloured Plates. 

Water-Colour Painting Book. By R. P. Leitch. With 
Coloured Plates. 

Neutral Tint. A Course of Painting in. With Tweniy- 
f«»ur I’lates by K. P. Leitch. 

China Paintiny. By Florence Lewis, With Sixtct'ii Drigin.il 
CoUiiiretl Plates. 

Flowers, and How to Paint them. By Maud Naftel. >N'ith 
1 en Coloured Plates. 

Artistic Anatomy. By Prof. M. Duval 

Technical Educator, Cassell’s. New and Revised Edition. 
Complete in Pour Vols. Each. 

Flower Paintiny in Water-Colours. With Twenty Fac> 
simile Coloured Plates. Dy F. E. Hiilmc, F.L.S. 

Popular Educator, Cassell’s NEW. With Revised I'ext, 
New Maps, New Coloured Plates, New lype, &c. To be completed 
in Eight Vols. Each. 

Popular Educator, Cassell’s. Compi< te in six Vois. Itach. 
Geometry, Cassell’s Course of Pzactical. Consisting of 
Sixty-four Card.s. By Ellis A. Davidson. 

RELIGIOUS. 

Siyna Christ!. Evidences of Christianity set forth in the Person 
and Work ot Christ. By ^he Rev. James Ait( hisoii, 

St. Georye for Enyland 1 and other Sermons preached to 
Children. By the Rev. Canon Teignmouth Shore, M.A. 

Life of the World to Come, The, and other Subjects. 

By the Rev. Canon Tcigniiioulh Shore, M.A. 

Family Prayer-Book, The. Edited by Rev. Canon Garbett, 
M.A., and Kev. S. Marlin. (A Iso in tnoroLco, i8s. ) 

Bible, The Pew. Cloth, red edges, 5s. ; French morocco, red 
edges, 6s. ; French morocco, gilt edges, 7s. ; Pci.sian call, gilt edges, 
7s. 6d. ; Persian “ Yapp," gilt edges, 8s. ; morocco, gill edges, 8s. 6d. 

The Blue Pavilions. By (j. 

The Life of the Rev. J, G. Wood. By his son, the Rev. 

I licndore Wood. /Viih Portrait. Cheap Edition. 

Russia. By Sir Do lald Mackenzie Wallace. M.A. Popular tdiHon. 

SHORT STORY” LIBRARY. 

Otto the Kniyht, Ac. By Octave Thauct. 

Eleven possihle Cases. By various Authors. 

A Sinyer’s Wife. By Fanny N. D. Murfree. 

Nouyhts and Crosses 1 Stories, Studies, and 
Sketches. By 

The Poet’s Audience, and Delilah. By Clara 
Snvilu Clarke. 

"Hors de Combat ”| or. Throe Weeks In a Hospital. 

Pounded on Pacts. By Gertrude and Ethel Arniitage Southain. 
Illustrated. 

Locomotive Enyine, The Bioyraphy of a. By Henry 
Frith. Illustrated. • x' ^ 

Loans Mlanual. a Compilation of Tables and Rules for the Use 
of Local A lit hori ties. By diaries P. Cotton. M. Inst.C.E., M.R.I A. 

David Todd 1 The Romance of his Life and Loviny 

By David Macliirc. 

Nature’s Wonder Workers. By Kate R. Lovell, illustrated. 

Metserott. Shoemaker. 

PactolUB Prime, a Novel By Albion W. Tourgee. 

Holiday Studies of Wordsworth. By F. A. Malloson, m.a 
Stranye Dolnys in Stranye Places. Complete .Sensational 
Slurifs. 

Birds’ Nests, Eyys, and Eyy-CoUectlny. By R. Kearton. 

With 16 Coloured Plates of P.ggs. 

Oliver Cromwell 1 The Man and his Mission. By 

J. AUansoii PicUm, M.P. Witli Steel Portrait. Cheap lutUion. 
Modem Shot Guns. By W. W. Greener. Illustrated 
Enylish Writers. By Prof. H. Mnrley. Vols. I. to VI II. Each. 

Free Trade versus Fair Trade. By Sir T. H. Farmer, Bt. 
Vaccination Vindicated. By John c. McVail, M.D. 
Year-Book of Commerce, The* Edited by Kenrn. B. Murray. 
Medical and Clinical Manuals, for Practitioner^ and Stu- 
dents ot Medicine. A List post /ree on application. {Al\o at 
7s. bd., 8s. 6d., and 9s.) 

Household, Cassell’s Book of the. Complete in Pour Vols. 
P-ach. 

Gardeniny, Cassell’s Popular, illustrated. Complete in 
I'our Vols. Each. 

Bunyan’s Pilyrim’s Proyress, Cassell’s, illustrated. 

Clutli gilt, gilt edges. (A>f alw ^.s. bd. and 7s. od. ) 

Field Naturalist’s Handbook, The. By the Rev. j. G. 
Wood and Theodore Wood. 

Brahma Fowl, The. By Lewis Wright. With Chromo Plates. 


Star-Land. By Sir Kobeit Sb'twell Bali, LL D, Illustrated. 
Queen Bummer | or, the Tourney of the Lily and 
the Rose. Containing 40 pages of Dv signs by Walter Crane 
]rriiitetl in Colours. (Large i uper Edition, 21b. net.) 

Story Poems. For Young and Old. Edited by E. Davenport. 
Fourteen to One, Ac. By Elizabeth Stuart Phelps. (‘’Short Story” 
lAbrary. See al\o 

Father BtafTord. A Novel. By Anthony Hope. 

Tewchiny in Three Continents. Personal Notes on the 
Educational S> stems of the World, By W. C. Grasby. 

Black America. By W. Laird Clcwcs. 

A Web of Gold. By Katharine Pearson Woods. Crown 8vo. 
Gleanlnys after Harvest. By tlio Rev. John R. Vernon, M.A. 
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St. Paul, The Ufe and Work of. By the Ven. Archdeacon 
huirar, F.K.S. Popular hdition. Cloth. (See also 7s. 6tl., 

los. 6d., 15s., SIS., 24s., and £,"2 

Early Days of Christianity. The. By the Vcn. ArLhdeacou 
i'.inar, iT. D., h'.R.S. Popular Eddton. Clotli. (See also 7s. ul., 
lob. ool,, iss., 34s., and £<3, as.) 

3Life of Christy The. By the Ven. Archde.tcon Farrar, D.D., 
h.K..‘3. Popular hdition. Cloth. (See aL\o 7s. Oil., 10s. od., 15s., 
24s., and 4SS.) 

Zrish Eeayuesy The Work of the. The .Speecii of the KighL 
Hon. Sir Henry James, y.C. M.P., Keplyiiic: lu the I’arnell Com- 
ntibbion Inquiry. 

Hand*and-Eye Training. By G. Ricks, B.Sc. Two Vqls., with 
Sixteen Pupe.s ol Coloured Plates in each Vol. Cro^vii 4tn. £.iuh. 
Bible Educatory The. Fdited by the Very Rev. De.iu Pluiuptre. 
I). I), niustratoil. Complete m Four Vols. Cloth, each. (Also tn 
7 tvo I'ols., 21s. £>r24S.) 

Moses and Oeoloyyi ory The Harmony of the Bible 
with Scdence. By the Rev. Samuel Kmus, Ph. D., F.R.A.S. 
With 110 Illustrations 

Cobden, Richardy The Political Writings of. 
Co-operation in ZAnd TiUayo. By M. A. 

Ostrich Farminsr in South Africa. 

ZAdies’ Physiciany The. By a London Physician. 

EDUCA.TZONAXm 

Enfiriioh ZZictlonaryy Cassell's. Giving; Definitions of more 
than 100,000 Words and Phrases. 

Practical Electricity. By Prof. W. E. Ayrton. Illustrated. 
Electricityy The Age of. From Amber Soul to Tclcjilione. By 
Park Benjamin, Ph.D. 

Fiyuro Painting in Water-Colours. With Sixteen Coloured 
Plates. With instructions by the Artists. 

English Zdteraturoy A First Sketch of. By Prof Henry 
Morlcy. Revised and Enlarg^ed Edition. 

Algebnty Manual of. By Galbraith and Haue[htnn. 

English Eitoraturoy Zdbrary of. By Professor Henry 
Morley. With Illustrations taken from Original MSS. Popular 
Edition. VoL I.: SlIOKieR ENGLISH POEMS, Vol. 3 .: ILLUS- 
TRATIONS OP English rp.ligion. Vol. 111. : English plays. 
Vol. ;v. ; Shorter works in English prose. Vol. v. ; 

SKETCHES OF LONGER WORKS IN ENGLISH VERSE ANU 
Prose. Each. (See also £5 $s.) 

ZNTERNATZOHAl. COPTRZOKT NOVEZ.S. 

F.xtra crown 8vo, cloth. Each. Net. 

The Story of Francis Cludde. By Stanley J. Weyman, 
Author of “ The House of the Wolf.*’ &c., &c. 

The Faith Zloctor. By Dr. Edward Eggleston. 

Dr. Dum^ny’s Wife. By Maurus Jbkai, Author of "Timar’s 
Two Worlds." Translated from the Hungarifin by F. Stelnitz. 

Itobinson Cruseey Cassell's New Fine-Art Edition 

of. With upwards of 100 Original Illustrations by Walter Paget. 

Through Russia on a Mustang. By Thomas Stevens. 
Illustrated 

Scouting for Stanley in East Africa. By Thomas Stevens. 
Illustrated. 

Disraeli in Outline 1 being a Biography of the late Earl of 
Beaconsheid, and an abridgment of all his Novels. By F. 
Carroll Brewster, LL.D. 

Pictures 5 iue Australasiay Cassell's. With upwards of x.ooo 
Illustrations. Complete in 4 Vols, E.ich. 

The Journal of Marie Bashkirtself. Translated by Mathiidc 
Blind. With Two Portraits and an Autograph Letter. Popular 
Edition in One I 'ol. 

ZAttors Of Marie Bashkirtself, Translated by Mary J. 

Serrano, wibli Portrait, Autograph Letters, Sketches, &c. 

Orations and After-Dinner Speeches. By the Hon. 

Chauncey M. Deoew, With Portrait. 

Shaftesburyy the Seventh Earl ofy K.O.y The Z4fe 
and Work of. By Edwin Hodder. In One Volume, cloth. With 
8 Illustr-itioiis. (SVr a/jfl 36s,) 

Henry Richardy M.P. A Blograpliy. By Charles Miall. 

Rossetti, Dante Oabriel, as Designer and Writer. 

Notes by William Michael Rossetti. 

France as Zt Zs. By Andrb Lebon and Paul Pelct. With Three 
Maps. Crown 8vo, cloth. 

Hygiene and Public Health. By B. Arthur Whitclcgge, M.D. 
Climate and Health Resorts, By Dr. Burney Yeo. 

Health at School. By Clement Dukes, M.D., B.S. 

The Chess Problems Text-Book with Illustrations. Containing 
400 I’obitioiib selected from the Works of C. Planck and others. 
Medical Handbook of Z.ife Assurance. By j. e. Pollock, 
M.D , and J. Chisholm. 

Cookery,, Cassell's Dictionary of. With Coloured Plates 

and numerous Engravings. Containing about g.ooo Recipes. Cloth. 
[Also in roxburgh, 10s. 6d.) 

Domestic Dictionary, Cassell's, illustrated. 1,380 pages. 

Royal 8vo, cloth. (Also tn roxburgh, 10s. 6d. > 

Subjects of Social Welfare. By the Rt. Hon. Sir Lyon Play. 

fair, M.P., K.C.B., LL.D., b.R.S. Crown 8vo. 

DPork. An Illustrated Mag.'izine of Practice and Theory for all Work, 
men, Proiessional and Amateur. Yearly Volume, 

Saturday Journal, Cassell's. Yearly Volume. Illustrated. 
Cities of the World. Illustrated throughout with fine Illustrations 
and Portraits. Complete in Pour Vols. Eaclu 

Peoples of the World, The. By Dr. Robert Drown. Ulus- 

tr.ited Six Vols. Each. 

Countries of the World, The. By Robert Brown, M. A. Ph.D., 
F'. L.S., F.R.G.S. Complete in Six Vols., with 750 Illustrations. 
Each. (I.xbrarv bindini:. 37s. 6d.) 

Cassell's Concise Cyclopaedia. With 600 Illustrations. A 

Cyclopaedia in One Volume, New and Cheap Edition. 

Yeaur-Book of Treatment, The. A Critical Review for Frac. 
titioners of Medicine. Eighth year of publication. 500 pages. 


Our Own Country. Complete In Six Vols. With aoo Original 
Illustrations in each Vol. Each 

English Zdterature. ZMctionary of. By w. Davenport 
Adams. Cloth. {Also tn roxburgh, lua. 6d.) 

Sea, nei its Stirring Story of Adventure, Peril, 
and Heroism. ByF. Whymper. Four Vols., with 400 tlriginal 
Illustrations. Each. (Library binding in Two sss.j 

World of Wonders, The. TwoVols. illustrated. Each. 

World of Wit and Humour, The. with about 400 illustra- 
tions. 

Natural History, Cassell's Concise. By Prof. E. Perceval 
Wright, M.A. Illustrated. Cloth. (Also tn roxbutglt. ros. 6d.) 

REZJGZOVS. 

“Quiver” Volume, The. Nero and Enlarged Seines. With 
several hundred Original Contributions. About 600 Original Illus- 
trations. Cloth. 

Farrar's ZJfe of Christ. Cheap illustrated Edition. Large 4to, 
Cloth. (See also 6s., los. 6d., 155., and 24s.) 

Fainr's Early Days of Christianity. Popular Edition. 
Cloth, gilt edges. {See also 6s., los. 6d., 15s,, 24s., and 42s.) 

Fanrar's ZJfe and Work of Bt. Paul. Popular Edition. 
Cloth, gilt edges. (See also 6s., los. 6<1., 155,, ais., 24s., and 42s. ) 

Bible ZMctionary, Cassell’s. With nearly 600 illustrations. 
Cloth. (Also in roxburgh, los. 6tl.) 

<‘Suntey”i its Origin, History, and Present Obli- 

r ration (Bamptnn Lectures, x80u). By the Ven. Archdeacon 
lessey, D.C.L. Eifth Edition. 

Child’s Zalfe of Christ, The. With about coo Original Illus- 
trations. ClotlL (Also at los. 6d., and Demy ^o Edition, sis.) 

Child's Bible. Cheap Edition. Illustrated. Cloth. (Also a superior 
edition at 1C&. od.) 

Bunsran’s Pilgrim's Progress. Illustrated. Cloth, bevelled 
boards, n d edges. also 3s. 6d. and 5s.) 


Conquests of the Cross. Edited by Edwin Hodder. Illustrated. 
Coini>lete in Three Vi>l.s. Each. 

Adventure, The World of. Complete in Three Vols. I-ulIy 
Illustrated. Each. 

Queen Victoria, The Dlfe and Times of. Complete in 
Two VoLs. Illustrated. EacL 

Our Earth and Its Story. By Dr. Robert Brown, F.T...S. 
Complete ills Vols. With Coloured Plates and numerous Wood En- 
gravings. Each. 

Electricity In the Service of Man. A l^opular and Practical 
Treatise. With nearly 850 Illustrations. Cheap Edition. 

Gleanings from Popular Authors. Complete in Two Vols. 
With (Original lllustriitions by the best artists. Each. (Also tn One 
VoL, 15s 6<L) 

Natural History, Cassell's New. Edited by Prof. p. 
Martin Duncan, M.D., F.R.S. Complete in Six Vols. Illustrated 
throughout Extra crown 4to. Each. 

Universal History, Cassell's illustrated. Vol. I., Early 
and Greek History. Vol. II., The Roman Period. Vol. III., The 
Middle Ages. VoL IV., Modern History. With Illustrations Each. 

England, Cassell's illustrated History of. With about 
2.000 Illustrations Complete in Ten Vols. Each. New and Revised 
Edition. Vols. 1., 11., HI., and IV. Each. (See also £s.j 

Protestantism, The History of. By the Rev. j. A. Wyiie, 
EL.D. Three Vols. With 600 Illustrations. Eacli. (See also 30s.) 

United States, History of the (Cassell's). Cnmiilcte in 
Three Vols. About 6ou Illustrations. Each. (Library Edition •yA.) 

Family Magaslne” Volume, Cassell’s. With about 

400 Original Jllustralions. 

British Battles on ZAnd and Sea. Three Vols. With 
about 600 Engravings. Each. (.JTm also 3C1S.) 

Battles, Recent British. Illustrated. (Also in imitation 
roxburgh, los.) 

Russo-Turkish War, Cassell’s History of. With about 
500 lUustraticuiB. TwoVols. Each. (.Scf 155.) 

Zndia, Cassell's History of. By James Grant. With about 400 
lUiistratioiis. Two Vols. Each. (Also Library Edition, Two Vols. 
in One, 15s.) 

ZAndon, Old and New. Complete in Six Vols. Containing 
about 1, 300 Illustrations. Each. (See also £'^') 

Edinburgh, Cassell's Old and Now. Complete in Three 
Vols. With 600 Original Illustrations. Each. (See atso uys. andyjs.) 

Dondon, Greater. Complete in Two VuLs. By Edward Walfurd. 
With i^out 400 Original Illustrations. Each, also aos.) 

Science for All. Revised Edition Complete in Five Vols. Each 
containing about 350 Illustrations and Diagrams. Each. 


School Registers. (For description, see is. 4d- > 


Vernon Heath's Reminiscences. Crown 8vo, doth gilt. 

Watts Phillips. Author and Playwright. By E. Watts Phillijis. 
With 32 Plates. 

Richard Redgrave, C.B., R.A. Memoir. Compiled from his 
Diary. With Portrait and Three Illustrations. By F. M. Redgrave. 
Cloth gilt. 

Celebrities of the Century. Being a Dictionary of the Men 

and Women of the Niiieteonth Century. Edited by Lloyd C. 
Sanders. Cheap Edition. Cloth. 

Dictionary of Religion, The. By the Rev. William Benham, 
B.D. Cheap Edition. Cloth. 

Farrar’S Zdfe of Christ. Popular Edition. Persian morocco. 
also 6$., 7s. 6d., 15$., 34s., and 43s.) 
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Iiire and Work of St. Paul. Popular Edition 
rersian morocco. (.s>^ also 6s., ;s. 6d., 15s., ats., 24s., and 42s.) 

**^*Jf*f^'* Early Days of Christianity. Popular Edition. 
rersian morocco. {See also 6s., 7s. 6d , 15s., 24s., aftd 4as.) 

®'*H**f“* Construction Plates. A series of 40 drawintr-,. 
Cloth. (Or Copies of any plate may be oinained in quantities of not 
less than one do;:en, price is. 6d. per dozen.) 

The Polirtechnie Technical Scales. On celluloid (in caso 
Per set. (See also is ) 

Architectural Drawing. By R. Phen6 Spiers. lilustrated. 

Encyclopaedic Dictionary^ The. a New and oikpn.il Work 
of Reference to all the Words ju tlie Entrli'sh Lanjjuatfe. Coiuplelc 
in I'ourtcen Divisional Vols. Each. (See also 2rs. and :.’5s ) 

Enylish History, The Dlctionaury of. Cheap Edition. Cloth. 
(Also in roxbursh, 15s. 1 

Arabian Nlyhts Entertainments, The, With lllusti.it ion>. 
by Custave 1 )orc. and other well-known Artists. New Edition. 

The Boole of. By Lewis Wri^jht. Popular Edition. 
With Illu.str.itions on Wood. (iTr’r ^rs. od. 2S.) 

®®VOlopmont, The. wilii Notes on Shoollntr 
By W. W. Greener, mii Illustraliuns. 


12 /- 


**®4®**“ Europe, A. History of. By C. A. l-yiTc, M.A. 

Pellowof University Colle^re, Ov(.jul. I'li rot; Vols. ICich. 

Cassell’s Miniature Shakespeare. Coini*lrle in tr \'ols 

In l$nx. ( \tc also is, inid jis. 1 


12/6 


16 /. 


Rock ”i or, the Historical Accuracy oi 

the Bible l ontiruied by reft-UMi o to the Assyn.in and b»;jpti.iii 
.S( ulptiircT, 111 the Biitish Museuni .iinl elsi'whore. By Kev. Dr, 

Ktiiii;,, I'.K.A.S., Sic. &c. With Numerous Entfravings. 

Eamlliar Trees. Complete in Two Series. With Forty Coloured 
Pl.iies. E.u.h. 

0»-rden Flowers, Familiar. Complete in Five Series. Forty 
( olonred Pl.ites in each. Cloth pit, in tardbo.ird box, or morocco, 
cloth sides. R.ich. 

BTild Birds, Familiar. Complete in l-'oiir Series. By W. 
bwapl.iml. With Forty Full pair© ex(|atslte (.oluured Illustrations 
Cloth pit, in c.irdljo.ird box, or morosto, cloth bides. Each. 

Wild Flowers, Familiar. Complete in Five Series. By F' F. 
llnline, FM..S,,_ 1^ b.A. Willi I'orty l‘ull-pa>>e Coloured Plates m 
e.icli, and Descriptive Text. Cloili j^ilt, m cardboard box, or motocro, 
cloth sides. E.ich. 

Heavens, The Story of the. By sir K. Stawell Ball, T,L.I) . 
F.k.S., F.K.A.S., Royal Astronomer of IreKuid. Popular Lditiou 
Illustr.ited by Chromo Plates .>n<l Wi.(.d luipavinp.. 


The Cabinet Portrait Gallery. First 
Each contaiiu., yj Labinet Plii.t)j;raplis of 
Women. With Bmyraiilucal Sketches. Each. 


and .Second Sene'- 
Eminent Men and 


Farrar’S Life of Christ, The. Popular Edition. Tree-calf. 
(See al.Ko os., 7s. 6d., 10s. od., c*4S., and 42%) 

Farrar’s Life and Work of St. Paul. Popular lldiliott. 
1 ree-caJl. (See al.u> 6s., 7b. 6d , los od., jis , 24s.. att.i 4VS.I 

Farrar’s Early Days of Christianity. Popular Edition. 
■| ree-c.ilf. {See also 6s., 7s 6d.. 10, 6d., 24 ... and 42s.) 

Bhakspere, Tho Rosral. c:<>niplete in Three Vols. With Steel 
Plateb and Wood Enpavm^s. Each. 

British Ballads. With Sever.U Hundred Oripn il Illustrations, 
t'oniplete m 1 \vo Vols. Cloth. 

Russo-Turklsh War, Cassell’s History of the. lllus 

tr.ited. I^ibrary Bmduijo in One Vol (See al\o 9s.) 


16 /- 


Rivers of Great Britain. Popular Edition. \-ol. J. T he 
Royal River- The Thames from Source to Sea. Descriutive, His- 
torical, Pictorial. With Several Hundred Ongin.al Tllii tratiuns {Set 
aPo 4as.) 

Bimyan’s Pilfprim’s Proyress and The Holy War. 

with aoo Onpnal lihistiatioiis. Demy 4to, cloth, 

Mayasine of Art, The. \'early Vol With 12 Etchin;.^s, Phofo- 
Rravurcs, &c., and Several Hundred Eap.-ivings. Cloth’ uilt, inll 

CllRCS. 


18 /. 


Enylish Sanitary Institutions. By Sir John Smim. K.C.B., 
l-.U.S., lornicrly the .Medical Dllicer ot Her Maiesrv s Privy Couiifil. 

Picturesque Europe. Popular Edition. Complete in Five V'ols. 
With thirteen exquisite Steel Plates, .and immcrrms ^rripinal Wood 
EnpaviiiRS. Each. (Az<r also 31s. 6d., /.'-zi, £ p los., <rm/ £52 <os.) 


20 /- 


Natural History Wall Sheets. 

mounted. (See also 2s, 6d. and 25s.) 


Set of 'J'eii Plates. ITn- 



A Vision Of Saints. By Lewis Morris. Edition de luxe. With 
ao Full-Page I ilustr.it urns. 

Waterloo Letters. Edited by Major-General H. T. Siborne, late 
Colonel R.K. With numerous Plans ot the Battlefield. 

Thackeray, Character Sketches fk-om. Six New and 

Original Drawings by Frederick Barnard reproduced in Photo- 
gravure. 

Dickens, Character Sketches from. First. Second, and 
Third Series. By Frederick Barnard, Each containing Six Plates 
printed on India paper. ( In Portfolio. ) Each. 

Abbeys and Churches of Enyland and Wales, The. 

Descr^tive, Historical, Pictorial. Ptne Paper Edition. Series 1 . 

aud IL Each. 


Encyclopaedic Dictionaury, The. Seven Double Divisional 21/* 
Vols., half- niomcco. l-..ich. 10s. 6d. 25s.) y 

Datiry Farminy. By Prof. Sheldon. With Twenty-live Coloured 
Plates. Di-iny 4tf 

Health, The Book of. Cloth. (Also in roxhurs:h,si\p..) 

FamUy Phys ictan, The. A Modern M.mual of Doiur-qic 
Medicine. New. tnu Kerise.l Edition. Cloth. {Also in roxbuij^h, 

Milton’s Paradise Lost, illustrated with FulFp.igc Drawings 
by (tustave Dorc 

Dante’s Inferno. With Imll-pagc Illustrations by Gubt.ive Dorti. 
Shakespeaure, Tho Plays of. Edited by Prof. Hemv Moric-v. 

CoiiipU*le m Thirteen Vols., m box, cloth. (.lEo tu half-tnor.Ht o, 
cloth Sides, 42s.) 

Shakespeare, Cassell’s Miniature. Complete in 12 Vols. 

In box with .spi ng catch. 1 See also i>, and us.) 

Mechctnics, The Practical Dictionairy of. Containing 
20,000 Drawing-, of Machinery. Four Vols, Cloth. Each. (See also 
sss.) 


RELIGIOUS WORKS. 

Holy Land and the Bible, The. By tho Rev. Cunningham 
Geikm. D.D. Illustrated hdt. .on. One Vnl 

Farrar’S Life and Work of St. Paul. invMUAiip 

El'l 1 ION. (See also OS., 7s. 6«.l., i>is. 6 lI., 15s., 24-. , and .p’s ) 

Old Testament Commentary for £ng:li8h Readers, 
The. Eililed by ilm Kev C j. Ella ott. DD,. l.iml Bi .liop el 
tjloiicrs‘er and Biislol. Five V els. K.ich. (See also £7 ij'.. t/d ) 

New Testament Commentary, l-.ditc-d by c. T. Miu"b. 

D.D., Lord Bi .liop of Cloiu ester and Briblol, Thiee N'els. l.u li 
(See also £4 14b. (yo.) 


Holy Land and the Bible, The. By the Rev. CuniTmgh.m 

G»“ikn*, 1> 1). With M.ip, In I we Vols. 

Early Days of Christianity. The. By the X'en. AniuU-.n en 
F irr.ir. U.D., F.K..S, / lOrarv Pdtlion. 'two Vols., demy 8\e 

(See also 6s., 7s. od., lus. od , iss., and £2 2‘..) 

Life of Christ, The. By the Ven. An liiliMcon Farrai, D.D., 
F.R S. i.ihiary Pat'iou. '1 wo Vols., cloili. (Scr a/jo os,, 7s. 6il., 
los. od.. and 15s. > 

Farrar’s Life antf Work of St. Paul, l.ibraiv loi'wn 

i We V'els., cloth. I S c also os., 7b. od., i. s Oil,, j -is , 21s., and 4^ , ) 


24 /- 


Cathedrals, Abbeys, and Churches of England end 

IVales. I>esi rij>tive, Uistoruai, Picloi lal. t leth gilt, g.lt edgi s 
i optilai P, niton. Two Vols. 

Encyclopaedic Dictionary, The. Seven Double Duisien.ii 

\o|s., liall-1 ubsia. 1 .nil. ( yee a. so jes. od. a/ui 21s.) 

Natural History Wall Sheets, 'l en Subjects. Si/e 26 by 

2e indies. Mounted. 1 S,c a/sn 2s od. aiul 20s ) 

Mechanics, The Practical Dictionary of. H.ilf-murecm 
F'oui \'eU. Each. (.St-f 21S ) 

London, Greater. I.ilnary l Uitton. 'J wo V'ols. (Seeahoy^) 


Protestantism, Tho History of. Bv tin- Rev. J. K. M^Ih. 
EL.D ( elit.iining npW.'iKjs ef 60 1 < liigni.il llliistr.ibens. '1 litee \ e|'. 
(Air also U'y. ana -^us ) 

British Battles on Land and Sea. ‘I i>ree V'ols. Cieth. 

(.See also <■)':. and o*,.) 

Edinburjgfh, Old and New. Cemplc-ie in Three Vols. (SVr nr/o- 
qs. and v>s. 1 


25 /- 


27 /- 


Edinburgh, Old and New. (.empletc m I'hree \'el-.., hl.rary 
lundmg. ( See also os. and ;7b ) 

Protestantism, The History of. / ibraty i dttton. 1 See 

als,' qs. and 27b.) 

British Battles on Land and Sea. With .dumt oe.> iiinsti 1 - 

liiilis. l tbrary Pditton I luce V'els. (See also oy. rti/n 27s.) 


30 /- 


Little Minister, The. By J. M. Barrie. 1 hree \ uliiii I'S, extra 

crown K\ o. 

The Lake DwellinKS of Europe. By Robert Munre, M.l> , 
M.A. Illustrated. Cloth. (Aiso in roxburi^h, j 

Music, Illustrated History of. By Fmil N.iumann F.dited 
by tlie Rev. .Su F'. A. l,ure Oiiseley, Bart, llhistraled. 1 wo V els. 

Picturesque Europe. Popular Edition. '1 wo Vol-.. in One 
loimnig the British Isles. (5*- also iK-n.. £'i\, £ p 10s , and / q.' id-., i 

Poultry, The Illustrated Book of. By Lewis Wnght. 
.\en> and Ke7HxeU Pditton. With Fifty Coloured Platts. ( loth gilt. 
{See aEo 10s. Od. and 42s.) 

PiKOOns, The Book of. By Robert Fulton. Etiited and ariaiigi-d 
uy Lewis Wnglit. With Fitly lile like Coloured Plates (.I/so in 
halj-ntot ocfo, 425.) 


The Life, Letters, and Friendships of Richard QO/. 
Monckton Milnes, First Lord Houghton. By 'T. 

Weiiiyss kcul. '1 wo Vols., w-ith 1 wo i’orlrails. 


Horse, The Book of the. By Samuel Sidney. With 1 wenty- 
eight Fac-'-mule Coloured Plates. Cloth. (See also 45b.) 

Butterflies and Moths, European. By w. F. Kirby. W'ith 
Sixtj'^-oiic hic-hke Coloured Plates. 

Doe. Illustrated Book of the. By Vero Shaw, B. A. Cantab. 
With Twenty-eight Fac -simile Coloured Plates. Demy 4to, doth 
gilt. (.Sff 4'^-'’-) 

Canaries and Cae®-Birds, The Illustrated Book of. 

By W. A. Blakston, W. Swayslaiid, aiui A. F". Wiener. With Filly-six 
Fac -simile Coloured Plates, and numeious Wood Engravings. (Also 
in half-mot. cco 4 SS.J 
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37/6 

42 /- 


Xul of, KCk, Tho Ufo 
ud Work of. By bdviin Hodder. Willi Portraits. Three Vols. 
{See also 7s. 6d. l 


45 /- 

> 

60 /- 


Covmtn, Three Vols. Library Biudut^, {Far d»> 
scrtptum, see 7%. (AS * 

Ronnw. The ralntcr of Cat Life and Cat Character. 
With rortiaii and 12 fuU-pa>fe Illustrations in Photogravure and 16 
Typogravures. The Text by M. H. Soielrnann. 410 Edition with 
Photoffravures on white paper. (On India paper jCa los. ; Folio 
Edition. £3 los . ) . Aj . 

The Pietwesque Mediterraneaiio Magnificently illustrated. 
E ich^*'** J'rc'iispiecc by Ilirkct Foster. Complete in Two Vols. 

Rivera of Oreat Britain, The 1 I>escnpiive, Historical, Pic- 
torial. RIVl’.RS of 1 HE EAST COAST. With iiuiiierous highly- 
nnisheu r.iigravings. Royal 4to, with Etching as 1 -roiitispiece. 

OrBtLt Britain, Thei-The Rosral Riven 
ns lliamea from Source to Sea. Orti>inai Eauton. 
With Descriptive Text by various writers, and a Scries of 
beautiful Engravings from Original Designs. With Etching for 
rrontispiece. (See also ib>i.) 

Dore Oallery, Tho. Popular Edition. With 950 Illustrations by 
(justave Dore. Cloth gilt, bevelled boards. 

Bmti Deecriptive, Kietorlcal, and Picturesque. 

Popular Edition. Hy Prof. O. Hbers. Translated by ( lara Hell, 
w-ith Notes by Samuel Birch, LL.D.. D.C.L.. F.S.A. 3 Vols. With 
about 800 Original F.ngr, wings. 

Picturesque America. Complete In Four Vols., with Forty- 
Each about 800 Original Wood Engravings. 

Christ. By the Ven. Archdeacon Farrar, D.D. Library 
morocco. Two Vols. {See also 6s.. 7s. 6d., los. 6d.. 15s.. and 

The Ufe and Worlc of. By the Ven. Archdeacon 
barrar. l.xbrary liditton, inorncca Illustrated Edttton. morocco. 
\Stealso 6s., 7s. 6d., xos. Od., 155., ais,, and 94^.) 

**®^*^B. Bays of Christianity. Library rditton. 

I wo VoLs. Morocco. also 6s., 7s. OU., los. bd., 15s., and 24s.) 

Poultry, l^e Book of. By Lewis W light. With Fifty Coloured 
1 lates, h df-morocco. ( 'see also los. 6d. and -^is. 6d.) 

Popular Educator, The. in Three Double Vols., half-cali. 
lAfc also 5S.) 


Itondon. Old and New. Compute in Six yds. with about 
1,900 Illustrations. Library Edition. {See also 9s.) 


Horse, Tlie Book of the. By Samuel Sidney. With Twenty- 
eiglii Fac -simile Coloured Plates. Meiv and Kezused Editum. Half- 
niorocco. ( see also -jss. ) 

Boa, ZUustrated Book of the. By Vero Slmw, B.A. With 
i wenty-eight Coloured Plates. Half -morocco. (Acc aho 3Ss.) 


Bible, CasseU's Ulustrated Family. Toned Paper Edition. 
Leather, gilt edges. (Aee aho 70s. and 75^.) 


Bh^espeare, Royal Quarto. Edited by Charles and Mar;^' 
Cowden Clarice, and containing about 600 Illustrations bv U. C. 
Selous. Three Vols., cloth gilt. 

Picturesque Canada. A Delineation by Pen and Pencil of all 
the Eeatures of Interest in the Dominion of Canada, from its 
Discovery to the Present Day. With about 600 Original Illustrations. 
Complete in Two Volumes. Each. 


Bible, Cassell’s Illustrated Family. Morocco antique. 
{Also 50s, in leather, and 75s. best moroiro.) 

The International Shakspere. Pdidon de luxe. 

“Othello.** Illustrated by Frank Dicksee, R.A. 

“ King Henry IV.*’ Illustrated by Herr Eduard Griitzner. 

**Ab You Lilco It.’* Illustrated by Moiis. linille Bayard. 
“Homeo and Juliet’* advanced to^'7 los. (Now out of print.) 
In preparation : 

“King Henry VIII.** Illustrated by Sir James Linton, P.R I. 
“Twelfth Night.** Illustrated by G. H. Boughton, A.R.A. 


60 /- 

63 /- 

70 /- 


New Testament Commentary, The. Edited by Bishop 

Ellicott. Three Vols. in half-moroCLO. \See aho ais.) 


England, Cassell’s History of. With 2,000 lliustratiuns. 
7 .tbfa*y Edition. Ten Vols. (Acr a/ji) 9S.1 


EnffUsh Literature, Library of. The Set of Five Vols., 
halt-morocco. (Arc aho is. Oil.) 


Old Testament Commentary, The. Edited by Bishop 
Ellicott. Eivo Vols. m halt-morucco. t Aiv 2rs. ) 


British Fossil Reptiles, A History of. By Sir Ricimrd 
Owen, K.C.B., E.R.S., Act:. With 268 Plates. Coin[>lete in Eour 
Volumes. 


Holy Bible, The. 

polished morocco. 


Illustrated by Gustave Dord. Two Vols,, best 


Picturesque Europe. / arf;r Paper Edition. Complete in Five 
Volumes. Each containing 1 liirfcen ux'iuisite Steel Plates, from 
Original Drawings, and nearly 200 Original lllustralioiis, with 
descriptive Letterpress. Royal 4tu, cloth gilt, £'2\-, h. ill -morocco, 
/,'5i los. ; morocco gilt, £"52 10s. k See aho 185 and jis. 6d.) 


£ 4 / 14 / 

£5 

£ 5/5 

£ 7 / 17 / 

£ 12 / 1 , 

£15 

£21 


Monthly Serial Publications. 


Axrt, Magazine of. Is. 
Atlas, The Unlvergal. Is. 
Biblewomen and Nuraes. 2d. 
British Battles on Land and Sea. 7d. 
Cabinet Portrait Gallery, The. Is. 
Canaries and Cage-Birds. 6d. 
Cassell’s Magazine. 7d. 
Cassell's Natural History. New 
Edition. 7d. 

Conquests of the Cross. 7d. 

Dore Blhle. 3d. (And Weekly, jd.) 
Dore Don Quixote, The. 3d. 

(And Weekly, J<L) 

Dore Oallery, The. 7d. 

England, History of. 7d. 

English Literature, Library of. 6d. 
Family Physician, The. 6d. 
Farrar's Life of Christ 3d. (And 
Weekly, Jd.) 

Flguier's Popular Scientific Works. 
6d. 

Oerman Dictionary, Oassell'a 30. 


Gleanings from Popular Authors. 
7d. 

Heroes of Britain. 3d. 

Historic Houses of the United King- 
dom. 7d. 

Holy Land, The, and the Bible. By 
Rev. Cunningham Geikie. 7d. 
Life and Times of Queen Victoria. 
7d. 

Little Folks. 6d. 

London, Old and New. 7d. & 8^d. 
Modem Europe, A History ot 6d. 
National Library, Cassell's. 

Weekly, paper, 3d. ; cloth, 6d. 
Old Testament Commentary, The. 

Edited by Bishop Ellicott. 7d. 
Our Own Country. 7d. 

Peoples of the World. 7d. 
Picturesque America. 2b. 6d. 
Picturesque Australasia. 7d. 
Popular Educator, Cassell's NEW. 
6d. 


Quiver, The. 6d. 

Rivers of Great Britain. Is. 
Robinson Crusoe, Cassell's. 6d. 
Saturday Journal, Cassell’s. 

6d. (And Weekly, Id.) 

Science for All. 7d. 

Shaftesbury, Lord. The Life of. 3d. 
Shakspere, The Royal. 7d. 

Sports and Pastimes, Cassell's 
Book of. 3d. 

Storehouse of General Information, 
Cassell’s. 7d. 

Story of the Heavens. 7d. 

Trees, Familiar. 6d. 

Wild Flowers, Familiar. 6d. 

Wit and Humour. 6d. 

Work. 6d. (And Weekly, Id.) 
World of Wonders, The. 6d. 
World of Romance. 7d. 


Cassell's Railway Time Tables and 
Through-Route Glance-Gulda 
Price dd. 


Letts^s Diaries and other Time-Saving Publications are published exclusively by 
C assell & Company, and particulars will be lorwarded post free on application to the Publishers, 

Cassell & Company, Limited, Ludgate HiU^ London; Paris and Mtihow m. 
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